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Summary
Sematophyllaceae (Hypnales, Musci) is a pan-tropical moss family. Members
of the family are diverse in Peninsular Malaysia and adjacent regions and often
associated with primary forests. The familial definition, subfamilial delimitation and
generic constituent of Sematophyllaceae have been controversial for over a hundred
years.  This project aimed to redefine the familial concept and subfamilial division as
well as testing the monophyly of the genera.  At the same time, it aimed to compare
the efficiency of different analytical computer programs and methods currently
available in cladistics.
In this project both molecular and morphological characters were used to re-
define subfamilial groupings and to reconstruct phylogeny of Sematophyllaceae.
Specimens were collected mainly from Peninsular Malaysia, Philippines and
Singapore.
In the molecular study, the targeted molecular marker was the rbcL gene, a
chloroplast gene encoding the large sub-unit of 1,5-bisphosphate carboxylase/
oxygenase.  DNA was extracted from fresh or herbarium specimens. The segments of
rbcL gene were amplified from the extraction products using PCR technique.  A total
of 27 rbcL gene sequences (1,428 bp) were obtained.  Fourteen additional sequences
of species in this family and related families were downloaded from GenBank for the
analysis.  All the DNA sequences were subjected to statistical tests.  Phylogenetic
trees were then reconstructed based on these sequences using Maximum Likelihood
method, Bayesian Inference method and Maximum Parsimony method.
In the morphological study, cladistic analysis using PAUP version 4 was
applied. A total of 69 characters were used in the analysis.  The morphological
viii
scoring was mainly based on actual observation.  Literature information was also
extracted in the absence of actual specimen.  A morphological data matrix was
created and phylogentic analysis was done using Maximum Parsimony methods.
Finally, phylogenetic trees were reconstructed based on the combined analysis of
morphological and molecular data using Maximum Parsimony method.
The results showed that the trees based on rbcL gene sequences were,
although not fully resolved, were more consistent in elucidating the inter-relationship
of genera of Sematophyllaceae than trees based on morphological data and combined
data.  The problems with morphological characters included the unavailability of
some characters in some species, little variation of certain characters among taxa, and
the difficulty in interpretation of some characters and character states.   In future
studies, genes with faster evolutionary rate should be considered.
In conclusion, the family definition of Sematophyllaceae is proposed to
include only those taxa with all the three critical characters, namely, the much
enlarged and coloured alar cells, collenchymatous exothecial cells and rostrate
opercular lid.  These are actually the traditional members of Subfamily
Sematophylloideae.  No new system of subfamilial classification is proposed.
Trichosteleum, Mastopoma, Trismegistia and Heterophyllium are shown to be
paraphyletic genera. The phylogenetic positions of some of the excluded yet
problematic genera cannot be decided based on the present study.
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Sematophyllaceae (Hypnales, Musci) is a pan-tropical moss family. Members 
of the family are diverse in Peninsular Malaysia and adjacent regions and often 
associated with primary forests. The familial definition, subfamilial delimitation and 
generic constituent of Sematophyllaceae have been controversial for over a hundred 
years.  This project aimed to redefine the familial concept and subfamilial division as 
well as testing the monophyly of the genera.  At the same time, it aimed to compare 
the efficiency of different analytical computer programs and methods currently 
available in cladistics.   
In this project both molecular and morphological characters were used to re-
define subfamilial groupings and to reconstruct phylogeny of Sematophyllaceae.  
Specimens were collected mainly from Peninsular Malaysia, Philippines and 
Singapore.   
In the molecular study, the targeted molecular marker was the rbcL gene, a 
chloroplast gene encoding the large sub-unit of 1,5-bisphosphate carboxylase/ 
oxygenase.  DNA was extracted from fresh or herbarium specimens. The segments of 
rbcL gene were amplified from the extraction products using PCR technique.  A total 
of 27 rbcL gene sequences (1,428 bp) were obtained.  Fourteen additional sequences 
of species in this family and related families were downloaded from GenBank for the 
analysis.  All the DNA sequences were subjected to statistical tests.  Phylogenetic 
trees were then reconstructed based on these sequences using Maximum Likelihood 
method, Bayesian Inference method and Maximum Parsimony method. 
In the morphological study, cladistic analysis using PAUP version 4 was 
applied. A total of 69 characters were used in the analysis.  The morphological 
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scoring was mainly based on actual observation.  Literature information was also 
extracted in the absence of actual specimen.  A morphological data matrix was 
created and phylogentic analysis was done using Maximum Parsimony methods.  
Finally, phylogenetic trees were reconstructed based on the combined analysis of 
morphological and molecular data using Maximum Parsimony method.  
The results showed that the trees based on rbcL gene sequences were, 
although not fully resolved, were more consistent in elucidating the inter-relationship 
of genera of Sematophyllaceae than trees based on morphological data and combined 
data.  The problems with morphological characters included the unavailability of 
some characters in some species, little variation of certain characters among taxa, and 
the difficulty in interpretation of some characters and character states.   In future 
studies, genes with faster evolutionary rate should be considered.  
In conclusion, the family definition of Sematophyllaceae is proposed to 
include only those taxa with all the three critical characters, namely, the much 
enlarged and coloured alar cells, collenchymatous exothecial cells and rostrate 
opercular lid.  These are actually the traditional members of Subfamily 
Sematophylloideae.  No new system of subfamilial classification is proposed.  
Trichosteleum, Mastopoma, Trismegistia and Heterophyllium are shown to be 
paraphyletic genera. The phylogenetic positions of some of the excluded yet 
problematic genera cannot be decided based on the present study.  
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Systematics is a scientific discipline concerned with the diversity of the 
biological world, describing and explaining the relationships among different groups 
of plants and animals (Moritz and Hillis, 1996; Singh, 1999). 
The study of systematics involves two processes: character determination and 
phylogeny inference. 
Characters suitable for systematics consist of several types, such as 
morphological, cytological, chemical and molecular data.  The reliability of the study 
of systematics heavily depends on the quality of the data.  The character 
determination, including the choice of character types and interpretation of characters 
and character states, is thus very important (Stevens, 1991).  In this study, two types 
of data are included in the analysis: morphological characters and molecular 
characters (DNA sequences). 
The other process of paramount importance is phylogenetic inference. 
Cladistics has been one of the main methodologies for developing phylogenetic 
analysis (Singh, 1999). Molecular phylogenetics has been another area receiving 
much attention.  It incorporates the knowledge from molecular evolution and 
mathematics to infer phylogenetic relationships.  The main tree-building methods 
include: distance methods, Maximum Parsimony methods (MP), Maximum 
Likelihood (ML) and Bayesian Inference (BI) (Hall, 2001; Nei and Kumar, 2000; 




1.1 Class Musci and its systematics 
Class Musci (mosses), together with the class of Hepaticae (liverworts) and 
Anthocerotae (hornworts), constitutes the division of Bryophyta, which is among the 
most ancient divisions of the land plants (Cox et al., 2000).  The earliest fossil records 
for bryophytes have been dated to 400 million years or even older (Heckman et al., 
2001; Schofield, 2000).  Bryophytes possess some features shared with other land 
plants yet they still retain some pleisiomorphic charcters.  The bryophytes occupy a 
critical evolutionary position in the study of origin of land plants (Cox et al., 2000). 
Class Musci is the largest class among all bryophytes, comprising 10,000 or 
more speices worldwide (Newton et al., 2000).  The basic classification scheme of 
mosses is mainly derived from the one proposed by Fleischer (1915-1922).  This 
classification scheme has worked reasonably well through the years with some 
revisions (e.g., Brotherus, 1925; Dixon, 1932; Vitt, 1984).  Class Musci is now 
generally subdivided into three subclasses, namely, Sphagnidae, Andreaeidae and 
Bryidea.  Bryidea is the largest subclass, which Sematophyllaceae, the targeted family 
in this study, belongs to. 
Thus far, the studies of bryophyte systematics were mostly based on 
morphological characters.  Only recently, molecular data (e.g., DNA sequences, 
amino acid sequences) have been applied to infer phylogenetic relationships of 
bryophytes.  New viewpoints and insights have been brought out, attempting to build 
up a natural classification system. 
 
1.2 History of Sematophyllaceae 
The family Sematophyllaceae (Hypnales, Bryidae) is one of the most 
diversified pleurocarpous moss families, composed of ca. 53 genera and ca. 600 
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species worldwide (Ramsay et al., 2002).  Sematophyllaceae are widely distributed in 
tropical zones with a few genera extending into temperate regions.  The typical 
member of Sematophyllaceae is recognized, gametophytically, by the leaves with 
elongated lamina cells and with well-differentiated alar regions.  Sporophytically, 
Sematophyllaceae are characterized by the collenchymatous or at least unevenly 
thickened exothecial cells, rostrate (or short) operculum lid and well developed 
peristomes (Fig. 1).  Sematophyllaceae is considered a difficult family in terms of its 
taxonomy and systematics.  The circumscription and delimitation of this family and 
its subfamilies have been debated since its inception in 1908 in a publication by 
Brotherus as cited by Tan and Jia (1999). Later, Fleischer (1915-1922) divided 
Sematophyllaceae into four subfamilies: Clastobryoideae, Heterophyllioideae, 
Sematophylloideae and Macrohymenioideae.  Most of the later works (e.g. Buck and 
Tan, 1989; Tan and Jia, 1999) supported the four subfamilies but with some re-
arrangements of genera within the subfamilies and between Sematophyllaceae and 
some closely related families. 
The above cited works were mainly based on the classical descriptive methods. 
In recent years, there have also been some cladistic analyses carried out based on 
morphological characters (e.g., Hedenäs and Buck, 1999; Tan and Jia, 1998).  Lately, 
Tsubota et al., (1999, 2000, 2001a and 2001b) have applied molecular evidence to 
infer the phylogeny of Sematophyllaceae. 
To date, most of the studies of Sematophyllaceae included only one type of 
characters, either morphological or molecular characters.  This study is the first 
attempt to include both types of data in one study. 
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B
A B C 
C
D E F 
Fig. 1: Characteristic features of Sematophyllaceae.  A: Rostrate operculu
(Radulina hamata); B: Dry capsule with restriction below the mouth (Ra
hamata); C: elongate lamina cells (Wijkia tanytricha); D: collenchym
exothecial cells (Acroporium rufum); E and F:  Alar cells (Acroporium joh
winkleri).  





1.3 Targeted gene for analysis 
In this study, one chloroplast gene, rbcL gene, was chosen as the targeted gene 
for analysis.  Through its short history, plant molecular systematics has relied heavily 
on the chloroplast genome, though nuclear genes have also been used (Soltis and 
Soltis, 1998).  rbcL gene is among the most widely used chloroplast genes in plant 
phylogenetic analysis. 
 
1.3.1 Chloroplast genome and its application in phylogenetic studies 
The typical plant chloroplast genome has four segments (Fig. 2): two identical 
inverted repeats (IR), a small single copy (SSC) region and a large single copy (LSC) 
region. The size of chloroplast genome ranges from 120 kb to 200 kb among land 
plants.  The gene order and its content are rather conservative (Birky 1988; Olmstead 
and Palmer, 1994; Palmer, 1987; Soltis and Soltis, 1998). 
Several characteristics of chloroplast genome have contributed to its wide 
application in plant systematics.  There are abundant chloroplast DNAs in leaf cells, 
making it easy to obtain enough DNA for analysis (Crawford, 1990).  The relatively 
small size of the chloroplast genome makes it easy to examine and study the entire 
genome (Crawford, 1990; Palmer, 1987; Soltis and Soltis, 1998).  The conservative 
mode of cpDNA inheritance also helps us to understand the evolutionary process of 
cpDNA more clearly than that of nuclear and mitochondrial genes and thus to make 
our reconstruction of phylogeny more reliable. 
As different portions of the chloroplast genome evolve at different rates, a 
wide range of possibilities exists for resolving relationships using data from the 
chloroplast genome, from the level of species and genus to family and even higher 






















































Fig. 2:  Chloroplast genome.  IRA, IRB, LSC and SSC on the inner circle indicate the 
two inverted repeats, large single-copy regions and small single-copy regions.  The 
genes shown above are those frequently used in phylogenetic studies of bryophytes. 
Genes shown inside the map are transcribed clockwise, and those outside are 
transcribed anticlockwise.  trnR gene, atpB gene and the spacers between them and 









 1.3.2 rbcL gene and its application in phylogenetic studies 
Among the various chloroplast genes, rbcL gene is one of the most frequently 
sequenced genes and has been widely applied in phylogenetic studies among different 
plant groups. 
rbcL gene encodes the large subunit of ribulose-1, 5-bisphosphate 
carboxylase/oxygenase (RUBISCO).  It is located in the large single copy region of 
chloroplast genome.  As RUBISCO is a critical photosynthetic enzyme, rbcL was one 
of the first plant genes to be sequenced (Soltis and Soltis, 1998).  Over the past 
decades, rbcL gene has been extensively sequenced from angiosperms, gymnosperms, 
ferns, bryophytes and algae.   The typical length of rbcL gene for land plants is 1,428, 
1,431 or 1,434 bp (Soltis and Soltis, 1998; Kim et al., 1992).  Insertions and deletions 
in rbcL gene are very rare.  In mosses the rbcL gene has been found to be exactly 
1,428 bp in length (Tsubota et al., 1999).  rbcL gene has shown a very conservative 
evolutionary mode (Zurawski and Clegg, 1993). 
rbcL gene is considered to be a suitable gene for phylogenetic studies.  As a 
chloroplast gene, rbcL gene has clonal inheritance mode and shows homogeneity 
within one individual (Olmstead and Palmer, 1994).  As mentioned above, this 
eliminates the concern about gene conversion or making inappropriate comparisons 
among paralogous loci (Doebley et al., 1990). The rarity of structural variations like 
insertions and deletions (indels) is another advantage, which makes the alignment of 
rbcL gene easy and reduces the chances of introducing artificial influence during the 
handling of gaps. 
rbcL gene has been applied to address phylogenetic relationships in different 
plant groups.  The taxonomic range of applicability varies from group to group.  For 
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example, in angiosperms, rbcL gene sequences are typically used at family level and 
above (e.g., Conti, Fischbach and Sytsma, 1993; Kim and Jasen, 1996).   In ferns, 
rbcL gene sequences has been applied and proved to be useful at generic level and 
even specific level (e.g., Dubuisson, 1997; Gastony and Ungere, 1997; Wolf, Soltis 
and Soltis, 1994). In bryophytes, most of the studies are at generic level and above 
(e.g., Arikawa and Higuchi, 1999; De Luna et al., 1999 and 2000; Goffinet, Bayer 
and Vitt, 1998; Lewis, Mishler and Vilgalys, 1997; Tsubota et al., 1999, 2000, 2000a 
and 2001b). 
      This study involves mainly the    phylogenetic relationships at generic and 
subfamilial levels. As there are lots of background studies that can be referred to in 
the family Sematophyllaceae, rbcL was chosen as the genetic marker for the 
phylogenetic analysis. 
 
1.4      Objectives 
     In the present study,  phylogenetic analysis of Sematophyllaceae is carried out 
based on morphological data and DNA sequences (rbcL gene sequences), using 
different tree-building methods. 
     The objectives of this study are: 
1) To reconstruct the phylogeny and to obtain a more natural 
classification of the Sematophyllaceae. 
2) To re-evaluate the subfamilial definition of Sematophyllaceae. 
3) To test the monophyly of some of the genera. 
4) To compare the relative effectiveness of different types of data 




Review of Literature 
 
2.1 Systematics of Sematophyllaceae 
The family of Sematophyllaceae was first proposed in 1908 by Brotherus (as 
cited by Tan and Jia, 1999).  The family has been defined in different ways by 
different workers (e.g., Fleischer, 1915-1922; Hedenäs and Buck, 1999; Tan and 
Buck, 1989; Tsubota et al., 2000, 2001a and 2001b) since its inception. 
 The family is traditionally divided into four subfamilies: Clastobryoideae, 
Heterophyllioideae, Sematophylloideae and Macrohymenioideae, as proposed by 
Fleischer (1915-1922).  This system was followed by most of the floristic workers. 
Yet disputes on the circumscription of each subfamily have also occurred (Hedenäs 
and Buck, 1999; Seki, 1968; Tan and Buck, 1989; Tsubota et al., 2000, 2001a and 
2001b).  Table 1 lists three important classfication systems proposed by Fleischer 
(1915-1922), Tan and Buck (1989) and by Hedenäs and Buck (1999).  
Tan and Buck (1989) agreed with Fleischer (1915-1922) by dividing the 
family into four subfamilies.  But the subfamilial concepts and taxic composition 
changed, mainly in Heterophyllioideae and Clastobryoideae.  The subfamilial position 
of some taxa also was shifted accordingly.  At the same time, the family concept 
became narrower. Clastobryopsis, together with Strukia, was transferred to 
Hypnaceae.  
Hedenäs and Buck (1999) did an extensive review of the family.  They did a 
cladistic analysis of the Sematophyllaceae, using 83 morphological characters and 80 
species from Sematophyllaceae and related families.  They found no corresponding  
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Table 1:  Three classifications of Sematophyllaceae. Not all the family member are listed 
below. Taxa listed are mostly the ones included in this study. * marks those not included in 
this study. 
 
 Fleischer (1915-1922) Tan and Buck (1989) Hedenäs and Buck (1999) 
 Sematophylloideae Sematophylloideae Sematophylloideae 
 Acanthorrhynchium “Group 1” Acroporium 
 Acroporium Acanthorrhynchium Clastobryopsis* 
 Brotherella Acroporium Clastobryophilum* 
 Meiothecium Papillidiopsis Clastobryum 
 Papillidiopsis Rhaphidostichum* Macrohymenium 
 Pterogonidium Sematophyllum Mastopoma 
 Pylaisiadelpha Trichosteleum Meiothecium 
 Radulina Radulina Papillidiopsis 
 Rhaphidostichum* “Group 2” Piloecium 
 Sematophyllum Brotherella Radulina 
 Taxithelium Mastopoma Rhaphidostichum* 
 Trichosteleum Meiothecium Sematophyllum 
 Warburgiella Pylaisiadelpha Taxithelium 
  Taxithelium Trichosteleum 
  Trismegistia Warburgiella 
  Warburgiella  
  Wijkia  
 Heterophyllioideae Heterophyllioideae Wijkioideae 
 Gammiella Gammiella Acanthorrhynchium 
 Heterophyllium Heterophyllium Trismegistia 
 Mastopoma Pylaisiopsis* Wijkia 
 Pylaisiopsis* Isocladiella  
 Trismegistia   
 Wijkia   
 Clastobryoideae Clastobryoideae  
 Clastobryum Clastobryum  
 Clastobryophilum* Clastobryophilum*  
 Clastobryopsis*   
 Struckia*   
 Macrohymenioideae Macrohymenioideae Uncertain affinity 
 Macrohymenium Macrohymenium Pterogonidium 
    
 Excluded taxa Excluded taxa: Exlucded taxa 
 Myuriaceae Hypnaceae Hypnaceae 
 Piloecium Clastobryopsis* Brotherella 
  Struckia* Gammiella 
   Heterophyllium 
   Isocladiella 
   Pylaisiadelpha 
   Pylaisiopsis* 
 Taxa not treated Taxa not treated Taxa not treated 
 Isocladiella Pterogonidium Struckia* 
 
 10
clades to the former four subfamilies of either system proposed by Fleischer (1915-
1922) or Tan and Buck (1989).  Instead, Hedenäs and Buck (1999) subdivided 
Sematophyllaceae into two subfamilies: Sematophylloideae and Wijkioideae. The 
family concept became even narrower than that by Tan and Buck (1989). Most of the 
members of Heterophyllioideae in Tan and Buck (1989) were transferred into 
Hypnaceae.  The subfamilies of Clastobryoideae and Macrohymenioideae were 
combined into Sematophylloideae.  A new subfamily, Wijkioideae, was proposed to 
contain Acanthorrhynchium, Trismegistia and Wijkia.  
In another cladistic analysis based on 33 morphological characters and 24 
species collected from China, Tan and Jia (1998) noted that Brotherella-
Warburgiella-Acanthorrhynchium-Wijkia formed one clade distantly related to the 
Sematophyllum clade.  This result was partly congruent with the result by Hedenäs 
and Buck (1999) in the proposition of the subfamily Wijkioideae.   In Tan and Jia 
(1989), Warguigiella, instead of Trismegistia, shows a closer relationship with 
Acanthorrhynchium and Wijkia. 
 In recent years, molecular data was applied in the reconstruction of phylogeny 
of Sematophyllaceae.  Tsubota and his colleagues have published several papers on 
the molecular phylogenetics of Sematophyllaceae using sequences of rbcL gene 
(1999, 2000, 2001a and 2001b).  They mainly focused on the several ‘problematic’ 
genera such Brotherella, Pylaisiadelpha, Wijkia, Acanthorrhynchium and 
Trismegistia.  According to Tsubota et al. (2000, 2001a and 2001b), no clade was 
recognized corresponding to the subfamilial division proposed by previous authors.  
Instead, there were mainly two lineages found in Sematophyllaceae: Brotherella 
lineage and Sematophyllum lineage.  This was similar to the conclusion of Hedenäs 
and Buck (1999).  But Tsubota et al. (2001a) proposed to treat this family in a wider 
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sense.  They suggested that some Hypnaceae members shown in the Brotherella 
lineage should be included in the family of Sematophyllaceae.  Yet they also accept 
the possibility of treating the two lineages as two families, instead of two subfamilies, 
in a future study that may show more evidence. 
 
2.2 Methodologies in moss systematic analysis 
2.2.1 Cladistics and the use of morphological data in moss systematics. 
Cladistics was first proposed by W. Hennig (Forey et al., 1992). Cladistics 
attempts to analyze data objectively and hence to produce an objective phylogenetic 
classification (Stace, 1989).  The basic assumption of cladistics is the principle of 
parsimony: given several solutions, the most economical and shortest pathway should 
be accepted.  Compared to the classical descriptive methods, the practice and results 
of cladistic analysis are repeatable.  The disagreements or arguments can be presented 
in data in organized ways that can facilitate further discussion and improvement 
(Forey et al., 1992).  Over the years of development, cladistics has become a forceful 
methodology in phylogenetic analysis (Singh, 1999).  
The first attempt to use cladistics in bryological analysis was done by 
Koponen (1968).  This is also the first application of cladistics in botany (Hyvönen 
and Enroth, 1994).  Morphological characters have been traditionally used in the 
cladistics analysis of mosses and have been applied at diverse ranks (e.g., species and 
genera: Hyvönen and Enroth, 1994; Koponen, 1968; La Farge-England, 1998; 
Lewinsky-Haapasaari and Hedenäs, 1998; Vitt, 1995; Wyatt, Stoneburner and 
Odrzykoski, 1994; subfamily and family: Bruggeman-Nannenga and Roos, 1990; De 
Luna, 1995; Hedenäs and Buck, 1999; Hyvönen et al., 1998; Peddersen, 2000; Tan 
and Jia, 1998; Zander, 1995; the major clades within Musci: Hedenäs, 1995).  There 
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have also been some analyses of bryophytes in relation to algae and tracheophytes 
(e.g., Graham, Delwice and Mishler, 1991; Mishler and Churchill, 1985).     
 Among the above stated studies, those at low taxonomic level (species and 
sometimes generic) and with a inclusion of a few taxa are normally well-resolved and 
with relatively high CI (Consistensy Index) values ranging from 0.5 - 0.8.  On the 
other hand, in those studies focused on higher taxon levels, the stability of the 
cladograms are low and the CI values are only around 0.3 or even lower.  The reasons 
for the weak resolution of cladistic analysis of mosses at higher taxonomic levels 
were discussed in several publications (e.g., Boisselier-Dubayle, Lambourdiére and 
Bischler, 2002; Hedenäs, 1996a, 1996b and 1998; Hyvönen and Enroth, 1994; La 
Farge-England, 1998).  One of the reasons is that mosses are structurally simple 
organisms and this feature results in high levels of homoplasy especially at high 
taxonomic levels (La Farge-England, 1998).  At the same time, due to the small 
number of characters available for phylogenetic analysis, many continuously variable 
characters were included (Hedenäs, 1998).  With our present understanding of moss 
morphology, it is difficult to find a way to divide these characters into clear-cut 
character states which are evolutionarily meaningful.  Traditionally, the sporophyte 
features are considered to be more ‘reliable’ in moss classification as they are less 
environmentally plastic than gametophyte features (Cox and Hedderson, 1999; 
Vanderpoorten et al., 2002).  Yet due to various reasons, the sporophyte materials are 
not always available for study, making the analysis become difficult.  The difficulties 
in applying morphological data in moss phylogenetics have affected the application of 
cladistic analysis in mosses.  According to Hyvönen and Enroth (1994), the number 
of cladistic studies of mosses is rather limited, compared to the large quantity of 
taxonomic revisions published in mosses.  
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2.2.2 Molecular data in systematics of mosses.  
Molecular data, especially DNA sequences, have been widely used in 
systematic studies. The application of molecular methodology involves the study of 
molecular evolution and various tree building methods, most of which are statistically 
based.  
Compared to morphological data, molecular data generally has unambiguous 
character states, and the evolutionary patterns are well understood and relatively easy 
to model (Nei, 1996; Nei and Kumar, 2000). Therefore phylogenetic studies based on 
molecular data are normally believed to be able to produce better resolution than 
those based on morphological data.  
 The first study with DNA sequences of bryophytes was done by Hori, Lim and 
Osawa in 1985 (Goffinet and Hax, 2001).  The first real trial in molecular 
phylogenetic analysis on bryophytes was done by Mishler et al. in 1992.  The number 
of molecular studies, especially those based on DNA sequences, increase a lot in 
recent years.  
 Similar to the studies of the other plant groups, the molecular phylogenetic 
studies of mosses are mainly based on chloroplast and nuclear genes.  Due to the 
frequent re-arrangement and complex genome structure of plant mitochondrial DNA, 
few mitochondrial genes have been applied in plant phylogenetic analysis (Soltis and 
Soltis, 1998).   
The frequently used DNA fragments include trnL-F, rbcL, and ITS, etc. The 
first two are located in chloroplast genome while the last one is nuclear DNA 
fragment.  These three fragments have been applied to a rather wide taxic range. trnL-
F has been applied to studies ranging from species level up to family level (e.g., La 
Farge et al., 2000; La Farge, Shaw and Vitt, 2002; Shaw and Allen, 2000; Stech, 
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1999a and 1999b; Vanderpoorten et al., 2002).  rbcL gene has been applied to 
reconstruct phylogenetic relationships among genera, families as well as among 
different groups of land plants (e.g., Goffinet, Bayer and Vitt, 1998; Källersjö et al., 
1998; Tsubota et al., 1999, 2000, 2001a and 2001b).  ITS has been applied to 
phylogenetic analysis at species level up to major groups of mosses (e.g., Renker et 
al., 2002; Samigullin et al., 1998; Spagnuolo et al., 1999; Stech and Frahm, 2001).  
rps4 is another chloroplast gene that has been widely used in moss phylogenetics in 
recent years.  In a number of studies, trnL-trnF and rps4, sometimes together with 
rbcL, were used to resolve relationships among the same group of taxa (e.g., Buck, 
Goffinet and Shaw, 2000a and 2000b; La Farge, Shaw and Vitt, 2002; Vanderpoorten 
et al., 2002).   
The broad taxonomic range is partly caused by the different molecular 
diversity between acrocarpous and pleurocarpous mosses (Vanderpoorten et al., 
2002).  Compared to acrocarpous mosses, pleurocarps generally have low molecular 
divergence.  Therefore the same DNA fragments can be used at different taxonomic 




Materials and Methods 
 
3.1 Plant materials and resources 
Representatives of 41 species in 25 genera of family Sematophyllaceae, 
Hypnaceae, Myuriaceae and Thuidiaceae were included in this study.   The names of 
taxa and the GenBank accession number of rbcL gene sequence for each species are 
listed in Table 2.  Twenty-seven taxa were collected by the author or the collaborators 
from Malaysia, Singapore and adjacent regions. Detailed information of the collectors 
and voucher numbers of the specimens is shown in Appendix 1.  
Thirty-six species representing 20 genera are the traditional members of 
Sematophyllaceae.  As the Sematophyllaceae is likely to have its closely relatives 
among the Hypnaceae (Heden‰s, 1996b; Hedenäs & Buck, 1999; Tan & Jia, 1998), 
three members of Hypnaceae (See Table 2) were included to test the affinities 
between Hypnaceae and Sematophyllaceae.  In addition, one member from the genus 
Piloecium  (Myuriaceae) was included.  Piloecium was suggested to be a possible 
member of the Sematophyllaceae in the studies of Hedenäs and Buck (1999) and 
Hedenäs  (1996b). Boulaya mittenii  (Thuidiaceae) was included to serve as the 
outgroup.  
 
3.2 Preparation of samples for DNA extraction 
Fresh specimens were kept in sealed plastic bags after collection in the field 
and then were stored in 4°C refrigerator in the laboratory until being processed. 
Specimens were washed and examined in sterile water under a dissecting 
microscope.  Contaminants such as liverworts, algae, fungi and other species of  
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Table 2: The Sematophyllaceae and allegedly related species included in this study. 
Treatment of families follows Tan and Buck (1989).  
 
Hypnaceae 
Hypnum cupressiforme  Hedw. 
Isopterygium  albescens  (Hook.) Jaeg. 
Vesicularia  reticulata  (Doz. & Molk.) Broth. 
Myuriaceae 
Piloecium  pseudorufescens   (Hampe) Müll. Hal. 
Thuidiaceae 
Boulaya  mittenii  (Broth.) Card. 
Sematophyllaceae 
Acanthorrhynchium   papillatum  (Harv.) M. Fleisch. 
Acroporium  aciphyllum  Dixon 
Acroporium  brevipes  (Broth.) Broth. 
Acroporium  johannis-winkleri  Broth. 
Acroporium  lamprophyllum  Mitt. 
Acroporium  procerum  (Müll. Hal.) M. Fleisch. 
Acroporium  rigens  (Broth.  ex Dixon) Dixon 
Acroporium  rufum  (Reinw. & Hornsch.) M. Fleisch. 
Acroporium  stramineum (Reinw. & Hornsch.) M. Fleisch. 
Acroporium  strepsiphyllum  (Mont.) B.C. Tan 
Brotherella  henonii  (Duby) Fleisch. 
Clastobryum  cuculligerum  (Lac.) Tix. 
Gammiella tonkinensis  (Broth. & Par.)  B.C. Tan. 
Heterophyllium  affine  (Hook. ex Kunth) M. Fleisch. 
Isocladiella  surcularis  (Dixon) B.C. Tan & H. Mohamed. 
Macrohymenium  muelleri  Dozy & Molk. 
Mastopoma  scabrifolium  (Broth.) B.C. Tan & Ninh 
Mastopoma  uncinifolium  (Broth.) Card. 
Meiothecium  microcarpum  (Harv.) Mitt. 
Papillidiopsis  bruchii  (Doz. & Molk.) Buck & B.C. Tan 
Papillidiopsi s macrostica  (Broth. & Par.) W.R. Buck & B.C. Tan 
Pterogonidium  pulchellum  (Hook.) Müll. Hal.  
Pylaisiadelpha  tenuirostris  (Bruch & Schimp. ex Sull.) W.R. Buck 
Radulina  hamata  (Dozy & Molk.) W.R. Buck & B.C. Tan 
Sematophyllum  subhumile var. japonicum   (Mitt.) B.C. Tan 
Taxithelium  nepalense  (Schwäegr.)  Broth.  
Trichosteleum  cuspidatum  B.C. Tan & Ho B.C., nom. sched. 
Trichosteleum  singapurense   Fleisch.  
Trichosteleum  stissophyllum  (Hampe & Müll. Hal.) Jaeg. 
Trismegistia  korthalsii  (Dozy & Molk.) Broth. 
Trismegistia  rigida  (Mitt.) Broth. 
Trismegistia undulata  Broth. & M.Yasuda 
Warburgiella  leptocarpa  (Schwäegr.) M. Fleisch. 
Wijkia  deflexifolia  (Ren. & Card.) Crum 
Wijkia  hornschuchii  (Dozy & Molk.) Crum 
Wjikia  tanytricha  (Mont.) Crum 
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mosses were removed using forceps.  Excess water was removed using paper towel. 
Cleaned samples were weighted and put into Eppendorf tubes with 50-100 mg of 
samples per tube.  All samples were then stored at –80 °C until use.  Dried specimens 
collected within last 2 years were also processed following the same preparation 
method when necessary. 
 
3.3  Extraction of total DNA 
Total DNA (including nuclear and cytoplasmic DNA) was extracted using 
modified CTAB method (Doyle and Doyle, 1990).  CTAB method is used as a 
general method for extracting DNA from plant tissues.   
Frozen samples (50-100mg) were ground into fine powder in liquid nitrogen 
using pre-chilled mortar and pestle.  The ground tissue was then quickly transferred 
into an Eppendorf tube containing 1 ml preheated  (60 °C) CTAB buffer [2% (w/v) 
CTAB, 1.4 M NaCl, 20 mM EDTA (pH8.0), 100 mM Tris-HCl (pH8.0) and 0.2% 
(v/v) 2-mercaptoethanol] and was mixed by swirling the tube gently.  The mixture 
was then incubated at 60 °C for 30 minutes.  The mixture was extracted with equal 
volume of chloroform-isoamyl solution [24:1, (v/v)] once and centrifuged at 9,000 
rpm for 2 min.  The supernatant was transferred into a new tube. Two-thirds volume 
of isopropanol was added into the supernatant to precipitate DNA.  The mixture was 
centrifuged at 13,200 rpm for 5 min.  Supernatant was carefully removed and 
discarded.  After it waswashed with cold absolute ethanol and air-dried, the pellet was 
resuspended in 30-50 µl sterile water or 1X TE buffer [10 mM Tris-HCl (pH8.0), 1 
mM EDTA (pH8.0)].  RNaseA (QIAGEN) was added into the DNA solution to a 
final concentration of 5 µg/ml and was incubated at 37 °C for 30-50 minutes.  
Genomic DNA quality was then checked by 0.6% agarose gel electrophoresis and the 
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concentration of DNA in the solution was estimated by comparing the brightness of 
bands of the samples and the brightness of the bands of the marker (λ/HinDIII, 
Promega). Genomic DNA solution was then stored at 4 °C.  
 
3.4  Polymerase chain reaction (PCR) 
Total genomic DNA was directly used in the polymerase chain reaction (PCR) 
to amplify the entire rbcL coding region.  The four primers used in PCR reactions are 
rbcL-130f, rbcL 415f, rbcL 1160r and trnR24r (See Table 3 for the sequences, and 
Fig. 3 for the priming site for each primer.).  
The volume of the reaction mixture was 20, 50 or 80 µl.  One 50 µl PCR 
mixture consists of 20-100 ng of genomic DNA, 1.5 mM MgCl2 (Perkin-Elmer or 
Promega), 0.2 mM of each dNTP, PCR buffer (Perkin-Elmer or Promega), 1 µM of 
each primer, and 2.5 U  of Taq polymerase (Perkin-Elmer or Promega).   For the 20 
µl and 80 µl PCR mixture, the concentration of each reagent was the same as that of 
the 50 µl PCR mixture.  
PCR programs were designed according to melting temperature of the primers 
and were adjusted through trial and error when applied to different specimens.  See 
Table 4 for detailed information.  
After amplification, PCR products were visualized by running 5 µl of each 
sample on a 1.2% agarose gel containing ethidium bromide (0.5 µg/ml) to check 
whether the PCR products had the correct size as expected.  
 
3.5       Purification of PCR products 
PCR products were purified using QIAquick gel extraction kit (QIAGEN). All 
the purifications were done closely following manufacturer’s protocol.  
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Table3:  Primers used for PCR amplification and sequencing.  Nucleotide sequences displayed from 5’ to 3’.  
 
Forward Primers Sequence Tm (°C) GC Content 
rbcL-130f ACA ATG ATA CTG TTT GTT ATA G (22) 50.9 27.30% 
rbcL152f GAA TCC TCC ACT GGT ACA TG (20) 57.3 50.00% 
rbcL384f AAG CTT TAC GAG CTT TAC G (19) 52.4 42.10% 
rbcL415f* ACG TAT TCC TCC AGC TTA TTC C (22) 58.4 45.50% 




Reverse Primers Sequence Tm (°C) GC Content 
rbcL600r GTG AAA TCA AGT CCA CCA CG (20) 57.3 50.00% 
rbcL957r GCG TGA ATA TGG TCT CCA CC (20) 59.4 55.00% 
rbcL1160r* CCA AAG ATT TCA GTT AAT GC (20) 51.2 35.00% 
rbcL1346hr GCA GCT AAT TCA GGA CTC C (19) 56.7 52.60% 
trnRn GGG TTA GAA GGG ATT CGA ACC CTT GAC (27) 66.5 51.90% 
trnR24r CTC TAA TCC ACT GAG CTA CA (20) 55.3 45.00% 
 
 
* marks the primers designed by the author;   the others were designed by Tsubota et al. (1999).
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Table 4:  PCR primers and programs used in different species. 
*  marks the species sequenced by Lee Mei Lyn, Serena.  
Species Name   PCR primers PCR Program 
Acanthorrhynchium papillatum* rbcL-130f&rbcL600r; rbcL415f&trnRn ** 
Acroproium aciphyllum rbcL-130f&rbcL1160r; rbcL415f&trnR24r CY2 
Acroporium brevipes rbcL-130f&trnR24r CY1 
Acroproium johannis-winkleri rbcL-130f&trnR24r CY1 
Acroproium lamprophyllum rbcL-130f&rbcL1160r;  rbcL415f&trnR24r CY4 
Acroporium procerum rbcL-130f&trnR24r CY1 
Acroproium rigens rbcL-130f&trnR24r CY1 
Acroproium rufum rbcL-130f& rbcL1160r; rbcL415f&trnR24r CY4 
Acroproium stramineum rbcL-130f&trnR24r CY1 
Acroproium strepsiphyllum rbcL-130f&trnR24r CY1 
Clastobryum cuculligerum* rbcL-130f&rbcL1160r; rbcL415f&trnR24r ** 
Gammiella tonkinesis* rbcL-130f&rbcL1160r; rbcL415f&trnR24r ** 
Isocladiella surcularis rbcL-130f&trnR24r CY2 
Isopterigium albescens rbcL-130f&trnR24r CY2 
Macrohymenium muelleri rbcL-130f&trnR24r CY2 
Mastopoma scabrifolium* rbcL-130f&rbcL1160r; rbcL415f&trnR24r ** 
Piloecium pseudorufescens rbcL-130f&trnR24r CY3 
Papillidiopsis bruchii rbcL-130f&trnR24r CY3 
Pterogondium pulchellum rbcL-130f&rbcL1160r; rbcL415f&trnR24r CY4 
Radulina hamata rbcL-130f&rbc1160r; rbcL415f&trnR24r CY2 
Taxithelium nepalensis rbcL-130f&trnR24r CY3 
Trichosteleum cuspidatum rbcL-130f&trnR24r CY3 
Trichosteleum singapurensis rbcL-130f&trnR24r CY3 
Trismegistia rigida rbcL-130f&trnR24r CY2 
Vescicularia reticulata rbcL-130f&trnR24r CY1 
Warburgiella leptocarpa rbcL-130f&trnR24r CY2 
Wijkia tanytricha rbcL-130f&trnR24r CY2 
** marks to the PCR programs used by Lee Mei Lyn, Serena (2002). 
 
CY1:    94°C , 30 seconds; CY2:   94°C, 45 seconds; 
 45°C- 48°C, 45 seconds; 
 72°C, 120 seconds; 
 35 times. 
 72°C, 10 minutes. 
45°C, 30 seconds; 
 72°C, 150 seconds; 
 35 times. 









CY3:   pre-denaturation 94°C, 120 seconds 
 94°C, 45 seconds; 
 45°C-48°C, 45 seconds; 
 72°C, 120 seconds; 
 35 times. 
 72°C, 10 minutes. 
 → CY4:   touch-down PCR:
    → 
 
    
 
94°C, 30 seconds; 
50°C, 30 seconds; 
72°C, 120 seconds; 
4 times. 
94°C, 30 seconds; 
46°C, 30 seconds; 
94°C, 30 seconds; 
48°C, 30 seconds; 
72°C, 120 seconds; 
4 times. →→Serena: pre-denaturation 94 °C, 300 seconds 
  94 °C, 45 seconds; 
 45-56 °C, 45 seconds; 
 72 °C, 90 seconds; 
 35 times. 
 72 °C, 10 minutes. 21
72°C, 120 seconds; 
27  times. 
72°C, 10 minutes. 
Due to various reasons, PCR products sometimes turned out to be a mixture of 
fragments of two or three different lengths.  To obtain the fragment needed, the PCR 
products were subjected to electrophoresis.  The band showing the expected size was 
then carefully excised from the agarose gel and weighted in an eppendorf tube.  
Buffer QG was then added into the eppendorf tube containing the excised gel (300 ml 
buffer for 100 mg gel).  The mixture was incubated at 50 °C until the agarose gel 
completely dissolved.  
The mixture containing the dissolved gel was then transferred into the 
QIAquick spin column and centrifuged at 13,800 or 14,000 rpm for 1 minute.  The 
flow was discarded. To remove all traces of agarose, additional 0.5 ml of buffer QG 
was added to the column and centrifuge for another minute.  The flow was again 
discarded and 750 ml of buffer PE was added to the column.  The column was then let 
stand for 2 min before another round of centrifugation at 13,800 or 14, 000 rpm for 1 
min.  After the centrifugation, the flow was discarded and the column was subjected 
to another centrifugation (13,800 or14,000 rpm, 1 min) to remove all traces of buffer 
PE.  The column was then set onto a new eppendorf tube.  Thirty to fifty microliters 
of sterile water was then added to the column.  The column was then left to stand for 
a minute and then subjected to centrifugation to elute the purified DNA. Five 
microliters of purified DNA were applied to 1.2% agarose gel electrophoresis and the 
concentration was estimated using the same method as mentioned in Section 3.3.  
Purified DNA was then kept in -20 °C until use. 
 
3.6       Cycle sequencing 
Direct DNA sequencing reaction of the purified PCR products was performed 
by dideoxy chain termination method.  Some more internal primers were applied in 
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sequencing reaction besides the PCR primers.  Primers used in sequencing are: rbcL-
130f, rbcL152, rbcL384f, rbcL415f, rbcL940f, rbcL600r, rbcL975r, rbcL1160r, 
rbcL1346hr, trnR24r and trnRn (See Table 3 for the sequence of each primer, and Fig. 
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 sites of each primer.  All the primers used in normal PCR and 
 included. 
cing PCR reactions were performed by using the ABI PRISM 
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 manufacturer’s protocol with modification.  For each sequencing 
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reaction, a 1.5 ml eppendorf tube containing sodium acetate (NaOAc, pH 4.6) and 
95% ethanol was prepared [for half reaction: 1.0 µl NaOAc (3 M) and 25 µl EtOH; 
for 1/8 reaction: 0.25 µl NaOAc (3 M) and 6 µl EtOH].  The contents of the 
sequencing reaction were transferred into the prepared tubes and vortexed thoroughly 
to mix.  The mixture was then left at room temperature for 20 min to precipitate the 
reaction products.  The eppendorf tubes containing the mixture were then centrifuged 
at 13,800 or 14,000 rpm for 15 min.  Supernatant was removed and discarded. To 
wash the pellet, 200 µl 70% ethanol was added into the tubes and vortexed briefly.  
After 5 min centrifugation at 13,800 or 14,000 rpm, the supernatant was again 
removed and discarded. To get clean product containing low salt and unincorporated 
teminator, the alcohol-washing step was repeated one more time. The cleaned DNA 
pellets were left for air dried and stored at -20°C until use.   
Precipitated and cleaned sequencing products were resuspended in formamide  
(4 µl of formamide for each reaction to run slab gel; 10 µl of formamide for each 
reaction to run capillary electrophoresis) and were vortexed briefly to mix.  The 
solution was incubated at 94°C for 2 min and was then transferred to ice to denature 
the DNA.  Denatured DNA was applied to slab gel (Long RangerTM, Perkin-Elmer) 
on ABI Prism 377 (Applied Biosystems) or capillary electrophoresis on ABI Prism 
3100 (Applied Biosystems).  The raw sequences were collected automatically by the 
program of Sequencing Analysis.  Manual check was also done later to remove 
ambiguous reading.  
 
3.7       Alignment and Statistical analysis of DNA data. 
Different fragments of sequences from one specimen were aligned using 
SequencherTM ver. 4.1 (Gene Codes, 2000).  The consensus sequence of each 
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specimen was then extracted and saved. All the consensus sequences were exported 
into one FASTA file, together with the sequences downloaded from GenBank.  The 
FASTA file was then exported into CLUSTAL X 1.81 (Thompson et al., 1997) to do 
complete multiple alignment.  The alignment was saved in PHYLIP or NEXUS 
format.  
Before the actual phylogenetic analysis, some basic statistical properties of the 
data set were computed.  These properties are useful to test the suitability of the data 
set for the phylogenetic problems of interest, to choose proper nucleotide substitution 
models in ML and BI analyses, and to weight characters in MP methods. 
The statistical quantities examined include the number of base substitutions 
(transition and transversion separately), ratio of transitions/transverstions (ts/tv) and 
evolutionary distances.  The number of transitions and transversions and genetic 
distance were computed for each of the three codons separately.  The above statistical 
analyses were based on pairwise comparisons and were done using MEGA 2.1 
(Kumar et al., 2001).  
Based on the above data, scatter plots were drawn using EXCEL (Microsoft) 
to estimate substitution saturation. For the sequences that have not reached saturation, 
the number of transitions and transversions shows a linear accumulation with the 
increase in the genetic distance. On the other hand, for the sequences that have 
reached saturation, there is a decline in the rate of increase in the number of 
transitions and transversions.  Sequences reaching substitution saturation imply the 
presence of multiple substitutions and homoplasy, which might affect the accuracy of 
phylogenetic analysis, especially in MP methods (Felsenstein, 1981; Swofford et al., 
2001; however, see Yang, 1998).  
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Average nucleotide frequencies of the data set were calculated using Tree-
Puzzle 50.1 (Strimmer and Haeseler, 1996) to show whether there is a prominent base 
compositional bias as it might have a negative influence on the analysis (Rosenberg 
and Kumar, 2003).  Tree-Puzzle 50.1 (Strimmer and Haeseler, 1996) was also used to 
do chi-square tests on the homogeneity of base compositions for both single 
nucleotides and doublets (set of frequencies of the 16 possible 2-base sequences; see 
Schˆniger and Haeseler, 1994).  As most of the analytical methods tend to group 
sequences of similar nucleotide composition together (Lockhart et al., 1994), the base 
compositions of all the taxa under study are expected to be homogeneous to avoid 
potentially unreliable analysis.  
MODELTEST v3.06 (Posada and Crandall, 1998) was used to evaluate 56 
evolutionary models for the best fit of the data.  In the model-based methods as ML 
and BI methods, the use of one model or another may change the results of the 
analysis (Bruno and Halpern, 1999).  The accuracy of the analysis is largely based on 
the fitness between the substitution models and the data set in use (Buckley, Simon 
and Chambers, 2001; Huelsenbeck, 1995; Posada and Crandall, 2001).  In 
MODELTEST v3.06 (Posada and Crandall, 1998), the best-fit model for a particular 
data set is selected through two statistical methods: likelihood ratio test (LRT) and 
Akaike information criterion (AIC) (Akaike, 1974).  The former was adopted in this 
study. 
The data set was then considered ready for phylogenetic analysis after passing 
all the above tests. 
 
3.8  Morphological characters and character states used in cladistic analysis 
The characters and character states used in this study were patterned after the 
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work of Hedenäs and Buck (1999) with some modifications done by the author.  
Similar character sets have been used in several studies on the phylogenetic 
relationships among Sematophyllaceae, Hypnaceae, Thuidiaceae and some related 
families (Hedenäs 1995, 1996a, 1996b, 1997 and 1999; Hedenäs and Buck, 1999).  
The results of these studies proved that these characters sets are suitable for cladistic 
analysis.  Another reason of following Hedenäs and Buck (1999) is that by using 
similar character set, the result of this study can be compared to the results of 
previous studies.  
Most of the characters were retained because of their prominence in the 
traditional classification and/or they are applicable to the taxa included in the study. 
Some characters in Hedenäs and Buck (1999) were excluded because of the difficulty 
in scoring.  For some other characters, all the taxa in this study have uniform 
character states. These characters were then excluded since they are not parsimony-
informative.  
Sixty-nine characters (see Table 6) were used in this analysis.  Characters 1 
and 2 are of the sexuality of the plants.  Characters 3-39 are derived from 
gemetophyte, and character s 40-69 are derived from sporophyte.  Character states 
were denoted as 0, 1, 2, 3 and 4.  The coding of the characters does not indicate which 
state is pleisiomorphic or apomorphic because there is no clue as to which state may 
have evolved from which.  
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Table 6:  Characters and character states used in this study: 
 
Characters  Character states and scoring numericals 
1 Sexuality 0) dioicous 1) autoicous 2) synoicous   
2 Dwarf male plants 0) present 1) absent    
3 General branching pattern 0) little or irregularly branched 1) pinnately branched 2) bi- or tri- pinnately  
   branched 
3) dendroid  
4 Branch attachment 0) firmly attached 1) easily dettached    
5 Branching angle 0) wide 1) narrow    
6 Shape of stem leaf apex 0) obtuse 1) acute 2) acuminate 3) cuspidate or  
    mucronate 
4) ligulate 
7 Shape of stem leaf 0) orbicular to cordate 1) ovate to lanceolate, oblong 2) linear   
8 Shape of branch leaf apex 0) obtuse 1) acute 2) acuminate 3) cuspidate or  
    mucronate 
4) ligulate 
9 Shape of branch leaf 0) orbicular to cordate 1) ovate to lanceolate, oblong 2) linear   
10 Similarity between stem and 
branch leaf 
0) similar or gradually similar 1) very dissimilar or abruptly     
    dissimilar 
   
   
   
11 Stem leaf concaveness 0) plane to moderately 
concave 
1) strongly concave 2) convolute   
12 Stem leaf insertion pattern 0) slightly narrowed at  
   insertion 
1) strongly and suddenly  
    narrowed at insertion 
13 Stem leaf plicateness 0) smooth 1) rugous 2) plicate   
14 Branch leaf concavness 0) plane to moderately 
concave 
1) strongly concave 2) convolute   
15 Branch leaf insertion pattern 0) slightly narrowed at   
    insertion 
1) strongly and suddenly  
    narrowed at insertion 
16 Branch leaf plicateness 0) smooth 1) rugous 2) plicate   
17 Leaf arrangement when moist 0) more or less evenly    
    arranged around the stem 
1) distinctly complanate to  
    subcomplanate 
2) ranked   
18 Leaf orientation when moist 0) straight 1) falcate 2) squarrose   
19 Ornamentation of cells at 
middle of leaf 
0) smooth 1) prorate 2) papillose 3) multi-papillose 
20 Ornamentation of cells at 
upper 1/3 of leaf 
0) smooth 1) prorate 2) papillose 3) multi-papillose 
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21 Leaf border 0) leaf margin with a pseudo- 
    border 
1) leaf margin without any  
    border 
2) leaf margin with a  




    
22 Stem leaf apical margin 
denticulation 
0) entire 1) denticulate or serrulate 2) dentate or serrate 3) double-toothed 
23 Stem leaf lower margin 
denticulation 
0) entire 1) denticulate or serrulate 2) dentate or serrate 3) double-toothed 
24 Branch leaf apical margin 
denticulation 
0) entire 1) denticulate or serrulate 2) dentate or serrate 3) double-toothed  
25 Branch leaf lower margin 
denticulation 
0) entire 1) denticulate or serrulate 2) dentate or serrate 3) double-toothed  
26 Stem leaf margin recurved or 
not 
0) plane or narrowly recurved 
   very close to the insertion 
1) recurved about 1/3 to 1/2 of  
the leaf length 
2) recurved throughout  
    the whole leaf 
27 Porosity of basal cell walls 0) eporose 1) porose    
28 Color of basal laminal cells 0) hyaline or chlorophyllose 1) yellow-brown or orange-brown   
29 Type of alar cells 0) acroporiod 1) heterophyllioid 2) brotherelloid 3) weak alar differentiation 
30 Number of alar cells 0) 0-3 1) 4-15 2) >15   
31 Stem leaf decurrency 0) no or hardly decurrent 1) decurrent    
32 Branch leaf decurrency 
 
0) no or hardly decurrent 1) decurrent    
33 Pseudoparaphyllia
development 
0) absent 1) foloise 2) filamentose 3) foliose and filamentose 
34 Rhizoid branched or not 0) not or slightly branched 1) strongly branched    
35 Color of rhizoid  0) colored 1) not colored or partly hyaline 
 
   
36 Roughness of rhizoid 0) smooth 1) warty-parpillose
37 Presence of central strand 0) present 1) absent    
38 Epidermis morphology 0) hyalodermis present 1) normal epidermal cells    
39 Vegetative propagation by 
means of uniseriate gemmae 
0) absent 1) present, gemmae from leaf axil 2) present, gemmae  
    from costa  
3) present, gemmae  
    from leaf apex 
40 Inner perichaetial leaves 
plicateness 
0) not plicate 1) plicate    
41 Margin of the upper part of 
inner perichaetial leaves 
0) entire 1) weakly toothed 2) strongly toothed   
42 Inner perichaetial leaf border 0) not or very indistinctly 
bordered 
1) distinctly bordered    
43 Vaginular paraphyses 0) absent 1) short (1-4 cells) 2) long (more than 4 cells)  
44 Calyptra morphology  0) cucullate  1) mitriform 2) campanulate   
45 Calyptra surface 0) smooth 1) plicate in basal portion    
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46 Calyptra appendages 0) naked 1) with papillae 2) with unicellular hairs from 
projecting surface cells 
 
47 Basal margin of calyptra 0) entire 1) lobed 2) hairy   
48 Seta length 0) short (< 9mm) 1) medium (9-19 mm) 2) long (>19mm)   
49 Seta roughness 0) smooth 1) with mammillae    
50 Capsule orientation 0) horizontal to pendulous  1) erect to slightly inclined 2) crenuous   
51 Shape of capsule 0) straight 1) curve    
52 Capsule when dry 0) constricted below mouth 1) not constricted    
53 Opercular tip 0) conical 1) rostrate 2) in between conical and rostrate  
54 Roughness of exothecial cells 0) smooth 1) mammillose 2) strongly mammillose   
55 Shape of exothecial cells  0) round or oblong 1) square to rectangular 2) narrow and long   
56 Exothecial cell wall 
thickening 
0) parenchymatous 1) collenchymatous 2) uneven thickness   
57 Stomata shape 0) round-pored 1) long-pored    
58 Stomata on protuberances or 
not 
0) capsule surface including   
    stomata more or less even 
1) stomata on top of  
    protruberances 
   
59 Number of stomata guard 
cells 
0) two  1) at least some stomata with 3-4 guard cells   
60 Color of exostome in lower 
half 
0) yellow to yellow brown 1) red, orange to orange-brown    
61 Out peristomial layer of 
exostome in lower part  
0) unfurrowed 1) furrowed 2) split   
62 Exostome border 0) no border 1) with border    
63 Roughness of exostome 0) striate  1) papillose 2) smooth   
64 Endostome basal membrane 
height 
0) high 1) low    
65 Morphology of peristome 0) double 1) single (endostome absent) 2) single (exostome 
absent) 
3) endostome much 
long than exostome 
 
66 Length of endostome cilia 0) well developed 1) short 2) vestigial or absent   
67 Size of spore 0) small 1) large    
68 Roughtness of spore 0) smooth or slightly papillose 1) strongly papillose    
69 Spore coloration 0) green 1) transparent    
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3.9  Scoring of morphological data 
The scoring of the 41 taxa was mainly based on observation of fresh materials 
and herbarium specimens and specially prepared slides.  The specimens and slides 
were examined using dissecting and compound microscopes.  Cross section of stems 
and dissection of capsules were also performed to acquire the information needed.  
Literature was used to check information unavailable from the actual specimens.  
Literature referred to includes: Akiyama (1990), Akiyama and Nishimura (1993), 
Akiyama and Tsubota (2001), Bartram (1939), Brotherus (1928), Buck (1998), Buck 
and Tan (1989), Crum and Anderson (1981), Dixon (1924), Fleischer (1915-1922), 
Gao (1977), Ireland (1971), Hedenäs (1997), Hedenäs and Buck (1999), Noguchi 
(1991), Seki (1968), Tan (1990, 1991 and 1994), Tan and Buck (1989 and 2002), Tan 
and But (1997), Tan and Jia (1999), Tan and Ninh (1998), and Wu, Wang and Zhong 
(2002).  Multi-state scoring was accepted in this analysis.  Unknown and inapplicable 
character states were scored as “?” and “-” respectively.  All characters were treated 
as unordered. The data matrix was then generated and saved using MacClade 4.05 
(Madison and Madison, 2002) and put forth for phylogenetic analysis.  
 
3.10  Phylogenetic analysis 
Three kinds of phylogenetic reconstruction methods were applied in this study: 
Maximum Parsimony (MP), Maximum Likelihood (ML) and Bayesian Inference (BI).  
Analyses performed include: 1) ML analyses of rbcL gene sequences; 2) BI analyses 
of rbcL gene sequences; 3) MP analyses of rbcL gene sequences; 4) MP analyses of 
morphological data; 5) MP analyses of combined data sets of rbcl gene seqeunces and 
morphological data. 
Before the analysis based on combined data set, the partition homogeneity test 
(Cunningham, 1997; Farris et al., 1995) was carried out using PAUP* 4.0b10 
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(Swofford, 2002), to compare the congruence between the two different data sets. 
Heuristic search method was applied.  The number of replicates were set as 100.  
MP and ML methods were performed using PAUP* 4.0b10 (Swofford, 2002) 
and BI methods were performed using MrBayes v2.01 (Huelsenbeck and Roquist, 
2001). 
In MP analyses, the branch swapping algorithm applied was tree-bisection-
reconnection (TBR).  The addition of sequences was random with 1,000 replicates. 
Branch support was evaluated by bootstrapping search with 1,000 replicates. 
In ML and BI analyses, five commonly used substitution models were applied, 
including JC69  (Jukes and Cantor, 1969), F81 (Felsenstein, 1981), K80 (Kimura, 
1980), HKY (Hasegawa, Kishimo and Yano, 1985) and GTR (RodrÌguez et al., 1990). 
In ML analyses, the branch swapping algorithm applied was also tree-
bisection-reconnection (TBR).  The addition of sequences was by as-is method.  The 
substitution rates were set to site-specific as rbcL is a protein-coding gene and three 
different codon positions evolved at different rates (Nei and Kumar, 2000).  In PAUP, 
bootstrapping is not applicable when site-specific rates are applied.  Thus no measure 
of branch support was provided in ML analyses.  
In BI analyses, the number of Markov chains was four for each analysis.  The 
number of generation was 3,000,000 and sample frequency was one tree per 100 
generations. The substitution rates were set to site-specific. In BI methods, branch 
support was expressed as posterior probabilities (Douady et al., 2003; Holder and 






4.1       Results of sequencing in this study
A total of 27 rbcL gene sequences of species from Sematophyllaceae and the
allied families were obtained through experiments. The complete coding region of
rbcL for all the species is 1,428 bp long. For 23 species the sequences of coding and
non-coding strand are both complete and without ambiguous sites. For 3 species,
there were about 100 bases missing from one strand, either coding or non-coding
strand. The two external primers, rbcL-130f and trnR24r, primed at relatively variable
regions and the fragments to be amplified were AT rich regions. Therefore for some
species, the two primers did not work well enough to produce good sequencing
results. For one species, Trichosteleum cuspidatum, there were 4 ambiguous bases
that could not be resolved. The detailed information for ‘problematic’ sequences is
listed in Table 7. All the sequences were submitted to GenBank (see the accession
numbers in Table 8).
Table 7: Results of ‘problematic’ sequences obtained in four species of Sematophyllaceae.
Name of Species Coding strarnd Non-coding strand Ambiguous sites
Acroporium johannis-winkleri 105 bases missing complete no
Pterogonidium pulchellum 110 bases misssing complete no
Radulina hamata 90 bases missing complete no
Trichosteleum cuspidatum complete complete 4
4.2       Alignment and statistical analysis of sequences
4.2.1 Alignment
In addition to the 27 sequences obtained from experiments, there are 14
sequences of rbcL coding region of other species from Sematophyllaceae and other
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Table 8: Species names and GenBank accession numbers of  the 41 sequences
included in this study.  * marks the species sequenced by the author.  ** marks the
species sequenced by Lee (2002).
Species Names Accession number
Acanthorrhynchium   papillatum AB 051224
Acroporium  aciphyllum  * AY 320236
Acroporium  brevipes * AY 320237
Acroporium  johannis-winkleri  * AY 320238
Acroporium  lamprophyllum * AY 320239
Acroporium  procerum  * AY 320240
Acroporium  rigens * AY 320241
Acroporium  rufum * AY 320242
Acroporium  stramineum* AY 320243
Acroporium  strepsiphyllum * AY 320244
Boulaya  mittenii AB 024963
Brotherella  henonii AB 029167
Clastobryum  cuculligerum ** AY 346096
Gammiella tonkinensis ** AY 346097
Heterophyllium  affine   AB 051218
Hypnum cupressiforme AB 032077
Isocladiella  surcularis * AY320245
Isopterygium  albescens* AY320234
Macrohymenium  muelleri* AY320246
Mastopoma  scabrifolium** AY 346098
Mastopoma  uncinifolium AB 071412
Meiothecium  microcarpum AB 051223
Papillidiopsis  bruchii* AY 320248
Papillidiopsi s macrostica AB 051220
Piloecium  pseudorufescens * AY 320247
Pterogonidium  pulchellum* AY 320249
Pylaisiadelpha  tenuirostris AB 051219
Radulina  hamata* AY 320256
Sematophyllum  subhumile var. japonicum   AB 039675
Taxithelium  nepalense*   AY 320250
Trichosteleum  cuspidatum*   AY 320235
Trichosteleum  singapurense* AY 320251
Trichosteleum  stissophyllum AB 051226
Trismegistia  korthalsii AB 051228
Trismegistia  rigida* AY 320252
Trismegistia undulata AB 051229
Vesicularia  reticulata AY 320253
Warburgiella  leptocarpa* AY 320254
Wijkia  deflexifolia AB 051221
Wijkia  hornschuchii AB 029383
Wjikia  tanytricha * AY 320255
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related families obtained from GenBank included in the final analysis (See Table 8
for the GenBank accession numbers). The complete multiple alignment of all 41
sequences was done using CLUSTAL X 1.81 (Thomson et al., 1997) (See Appendix
2 for the complete multiple alignment). No indel was found in all the sequences.
Among the 1,428 aligned sites for 41 species from Sematophyllaceae and their allied
mosses, 293 sites (20.5%) are variable, of which 182 sites (12.7%) are parsimony-
informative. The distribution of variable sites and parsimony-informative sites at each
codon positions are summarized in Table 9.
Table 9: The distributions of variable and parsimony-informative sites at each codon
position.
1st codon position 2nd codon position 3rd codon position
Number of variable sites 55 31 207
Number of parsimony-
informative sites 34 18 130
By comparing the variable sites of each codon positions, we can see that most
of the variable sites and parsimony-informative sites are from the third codon
position.  The third codon position is more variable than the first codon position,
which in turn is more variable than the second codon position. This is expected
because of the relative redundancy of the genetic code.  Many substitutions at the
third position are synonymous substitutions that cause no change at protein level and
thus are subjected to low selection pressure.  On the other hand, most of substitutions
at the first codon and all substitutions at the second codon are non-synonymous.
These substitutions change the amino acid and probably affect the function of the
protein.  Thus the substitutions at the first and the second codon positions are less
likely to be kept in the genome (Li and Graur, 1991).
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4.2.2 Pairwise comparisons
Parirwise comparisons were done using MEGA 2 (Kumar et al., 2001).  The
statistical quantities examined included the number of transitions and transversions,
Ts/Tv values and genetic distance. The results were summarized in Appendix 3 and
Table 10.
Most of the pairwise distances (p distance) range from 0.01 to 0.05, which
shows that the genetic variation is rather low among all the taxa studied. This result
agrees with the low number of variable and parsimony-informative sites in the data
set shown in the previous analyses by Tsubota et al. (1999, 2000, 2001a and 2001b).
The average number of pairwise differences is 43 (3.0%). There are some
pairs of species showing very low divergence. Three pairs of taxa show only one base
difference. These taxa pairs include: Acroporium brevipes and A. aciphyllum; A.
brevipes and A. stramineum; Pterogonidium pulchellum and Isopterygium albescens.
The difference between Acroporium aciphyllum and A. stramineum is only two base
pairs.
Most of the values of Ts/Tv vary from 1.0 to 5.0, with an average value of 2.9.
Ts/Tv value can be referred to weight characters in MP analysis.
4.2.3 Base substitution saturation
Scatter plots of p distance versus the number of transitions and the number of
transversions were drawn for each codon position separately. For the first and second
codon positions, the level of base variation among different taxa is so low that the
scatter plots show no pattern. The third codon position (Fig. 4) exhibits a roughly
linear increase of transitions and transversions with no signs of rate decrease, showing
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Table 10:  Pairwise distances (p-distance) of 1,428 bp for 41 taxa (upper right matrix) and values of Ts/Tv (lower left matrix).
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 Acanthorrhynchium papillatum 0.0294 0.0301 0.0301 0.0301 0.0331 0.0347 0.0302 0.0309 0.0377 0.0316 0.0386 0.0234 0.0354 0.0256 0.0324 0.0355 0.0369 0.0339 0.0332
2 Acroporium aciphyllum 3.00 0.0007 0.0108 0.0094 0.0123 0.0138 0.0079 0.0014 0.0167 0.0286 0.0393 0.0197 0.0369 0.0263 0.0309 0.0423 0.0430 0.0189 0.0347
3 Acroporium brevipes 3.10 ? 0.0116 0.0101 0.0123 0.0138 0.0079 0.0007 0.0167 0.0286 0.0401 0.0204 0.0369 0.0263 0.0309 0.0423 0.0430 0.0189 0.0347
4 Acroporium johannis-winkleri 3.56 1.14 1.29 0.0101 0.0116 0.0145 0.0116 0.0123 0.0174 0.0346 0.0432 0.0241 0.0377 0.0301 0.0339 0.0431 0.0453 0.0211 0.0354
5 Acroporium lamprophyllum 3.56 1.60 1.80 2.50 0.0058 0.0072 0.0087 0.0108 0.0101 0.0317 0.0386 0.0211 0.0362 0.0257 0.0339 0.0400 0.0438 0.0197 0.0355
6 Acroporium procerum 3.09 1.43 1.43 1.67 3.00 0.0043 0.0058 0.0130 0.0072 0.0317 0.0401 0.0241 0.0377 0.0257 0.0324 0.0416 0.0423 0.0189 0.0347
7 Acroporium rigens 3.27 1.71 1.71 2.33 4.00 2.00 0.0058 0.0145 0.0029 0.0332 0.0417 0.0256 0.0362 0.0272 0.0339 0.0416 0.0392 0.0182 0.0370
8 Acroporium rufum 4.13 1.75 1.75 2.20 3.00 1.67 1.67 0.0087 0.0087 0.0316 0.0401 0.0226 0.0347 0.0256 0.0324 0.0385 0.0392 0.0167 0.0340
9 Acropoium stramineum 2.82 1.00 0.00 1.13 1.50 1.25 1.50 1.40 0.0174 0.0294 0.0408 0.0211 0.0376 0.0271 0.0316 0.043 0.0437 0.0196 0.0354
10 Acroproium strepsiphyllum 2.64 1.30 1.30 1.67 1.80 1.00 0.33 1.00 1.18 0.0362 0.0447 0.0286 0.0392 0.0301 0.0369 0.0446 0.0422 0.0211 0.0400
11 Boulaya mittenii 2.58 3.88 3.88 2.62 3.78 3.78 4.00 3.30 3.44 3.08 0.0272 0.0234 0.0347 0.0160 0.0212 0.0347 0.0384 0.0294 0.0279
12 Brotherella henonii 5.50 4.30 4.40 5.44 9.40 6.71 7.00 5.75 4.00 5.00 5.17 0.0317 0.0394 0.0272 0.0340 0.0386 0.0407 0.0393 0.0386
13 Clastobryum cuculligerum 1.91 2.00 2.11 2.30 2.63 2.30 2.50 2.44 1.90 2.00 1.91 3.78 0.0323 0.0189 0.0256 0.0361 0.0346 0.0248 0.0309
14 Gammiella tonkinensis 3.36 2.33 2.33 3.25 3.08 3.25 3.9 3.27 2.19 3.08 3.27 6.57 2.14 0.0309 0.0362 0.0302 0.0331 0.034 0.0386
15 Heterophyllium affine 2.89 2.27 2.27 3.10 4.83 4.83 5.17 4.00 2.08 3.56 3.40 11.33 1.60 4.25 0.0227 0.0332 0.0361 0.0249 0.0279
16 Hypnum cupressiforme 2.67 3.20 3.20 3.18 3.18 3.00 3.18 2.67 2.91 2.57 6.25 4.75 1.69 3.45 3.43 0.0416 0.0430 0.0301 0.0362
17 Isocladiella surcularis 4.33 2.80 2.80 3.83 3.50 3.67 3.67 3.73 2.63 3.00 3.27 6.43 2.50 5.83 4.63 4.09 0.0308 0.0378 0.0378
18 Isopterygium albescens 2.85 2.05 2.05 2.81 2.69 2.56 2.79 2.53 1.95 2.35 2.06 2.67 1.61 2.75 2.50 2.41 2.00 0.0384 0.0423
19 Macrohymenium muelleri 3.18 1.36 1.36 2.63 2.38 2.25 3.17 2.29 1.25 2.22 2.64 4.89 1.83 4.75 3.25 2.73 4.10 2.71 0.0332
20 Mastopoma scabrifolium 3.50 2.92 2.92 3.36 4.33 4.22 4.56 4.75 2.69 3.50 3.75 7.67 2.82 6.43 6.60 3.90 6.29 3.38 4.00
21 Mastopoma uncinifolium 4.75 2.90 3.00 3.44 3.44 2.82 3.00 3.75 2.73 2.43 3.20 7.50 2.27 4.78 3.86 3.10 6.00 2.53 3.56 4.50
22 Meiothecium microcarpum 4.50 2.13 2.13 3.80 4.60 4.00 4.60 5.00 1.89 3.00 3.40 5.62 2.78 5.57 4.43 3.10 6.29 3.73 3.60 6.50
23 Papillidiopsis bruchii 2.87 1.47 1.53 2.13 2.00 1.83 1.89 1.94 1.45 1.67 1.74 2.79 1.65 2.23 1.75 1.78 2.35 1.77 1.39 2.00
24 Papillidiopsis macrostica 3.56 0.91 0.91 2.67 1.75 2.00 2.25 2.14 0.83 1.73 2.15 4.00 1.58 3.25 2.50 2.73 4.20 2.44 1.62 3.36
25 Piloecium pseudorufescens 3.10 1.30 1.40 2.71 2.43 2.00 2.33 2.25 1.27 1.83 2.07 4.20 1.82 2.92 2.36 2.29 2.85 2.12 1.44 2.50
26 Pterogonidium pulchellum 3.17 2.22 2.22 3.07 2.93 2.80 3.08 2.79 2.11 2.56 2.13 3.07 1.76 3.00 2.77 2.63 2.38 3.00 3.00 3.75
27 Pylaisiadelpha tenuirostris 4.56 3.45 3.55 4.40 7.00 5.25 5.5 4.56 3.25 4.09 4.29 16.00 2.90 5.13 6.75 3.89 5.25 2.25 3.90 6.00
28 Radulina hamata 2.73 1.09 1.18 2.25 2.00 1.60 1.80 1.67 1.08 1.46 1.73 3.73 1.42 2.5 1.75 1.80 2.71 2.19 1.50 2.69
29 Sematophyllum subhumile 3.33 2.80 2.80 3.56 4.57 4.43 4.57 4.83 2.55 3.30 2.67 4.50 2.64 3.46 3.44 2.36 3.62 2.41 3.00 3.80
30 Taxithelium nepalense 1.92 1.53 1.47 2.33 2.25 2.00 2.50 2.08 1.37 2.07 1.35 3.45 1.00 2.67 1.43 1.53 2.64 1.62 2.25 2.20
31 Trichosteleum cuspidatum 3.80 1.90 1.80 3.29 3.29 2.33 2.67 2.63 1.64 2.08 2.43 4.80 2.55 3.46 2.82 2.36 3.46 2.35 2.11 3.08
32 Trichosteleum singapurense 2.12 0.88 0.94 1.31 1.36 1.00 1.06 0.93 0.89 0.95 1.63 3.00 1.22 2.00 1.75 1.62 2.22 1.50 1.00 2.12
33 Trichosteleum stissophyllum 3.80 1.25 1.33 2.44 2.22 1.91 2.18 2.10 1.23 1.79 2.06 3.92 2.00 2.73 2.38 2.00 2.93 2.29 1.73 2.43
34 Trismegistia korthalsii 1.79 1.79 1.79 2.00 2.15 2.15 2.31 2.25 1.67 1.94 1.90 3.00 1.23 2.27 1.45 1.86 2.27 1.47 1.67 1.75
35 Trismegistia rigida 1.92 2.23 2.23 2.13 2.29 2.21 2.43 2.82 2.07 2.06 2.09 3.08 1.43 2.25 1.67 2.00 2.25 1.60 1.69 1.62
36 Trismegistia undulata 3.64 3.27 3.27 4.00 6.83 6.83 6.83 5.57 3.00 4.67 4.57 9.60 3.62 4.50 7.75 4.56 4.20 2.81 4.38 5.57
37 Vesicularia reticulata 2.29 2.38 2.38 2.43 2.25 2.25 2.25 2.20 2.21 1.95 3.22 3.07 1.56 2.93 1.79 3.67 2.87 1.91 2.36 2.40
38 Warburgiella leptocarpa 3.60 1.50 1.60 2.33 2.71 2.00 2.33 2.25 1.45 1.83 2.42 5.38 2.18 2.77 2.89 2.29 3.64 2.35 1.56 3.60
39 Wijkia deflexifolia 5.13 3.80 3.90 4.89 8.40 6.00 6.29 5.13 3.55 4.50 5.67 ? 3.67 6.14 11.00 5.13 6.29 2.80 4.33 7.00
40 Wijkia honschuchii 4.00 3.15 3.23 3.92 5.62 4.50 4.70 4.00 3.00 3.69 3.44 5.67 2.67 4.40 5.00 3.45 4.30 2.17 3.33 5.00
41 Wijkia tanytricha 4.50 3.25 3.33 4.09 6.14 4.78 5.00 4.20 3.08 3.83 4.13 15.00 3.00 5.86 6.40 4.00 4.33 2.29 3.64 5.62
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Table 10:  (Continued)
21 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
1 Acanthorrhynchium papillatum 0.0167 0.0324 0.0430 0.0301 0.0301 0.0369 0.0370 0.0301 0.0385 0.0278 0.0355 0.0392 0.0355 0.0286 0.0278 0.0377 0.0415 0.0339 0.0363 0.0408 0.0408
2 Acroporium aciphyllum 0.0286 0.0182 0.0346 0.0152 0.0167 0.0430 0.0362 0.0167 0.0279 0.0278 0.0211 0.0233 0.0196 0.0286 0.0308 0.0347 0.0324 0.0182 0.0355 0.0400 0.0377
3 Acroporium brevipes 0.0294 0.0182 0.0353 0.0152 0.0174 0.0430 0.0370 0.0174 0.0279 0.0271 0.0204 0.0241 0.0204 0.0286 0.0308 0.0347 0.0324 0.0189 0.0362 0.0408 0.0385
4 Acroporium johannis-winkleri 0.0294 0.0175 0.0369 0.0160 0.0189 0.0454 0.0401 0.0189 0.0301 0.0293 0.0219 0.0271 0.0226 0.0331 0.0369 0.0370 0.0354 0.0219 0.0393 0.0439 0.0416
5 Acroporium lamprophyllum 0.0294 0.0204 0.0354 0.0160 0.0174 0.0438 0.0355 0.0174 0.0287 0.0286 0.0219 0.0241 0.0211 0.0301 0.0339 0.0348 0.0384 0.0189 0.0348 0.0393 0.0370
6 Acroporium procerum 0.0309 0.0182 0.0376 0.0174 0.0197 0.0423 0.0370 0.0189 0.0279 0.0308 0.0219 0.0233 0.0234 0.0301 0.0331 0.0348 0.0384 0.0197 0.0363 0.0408 0.0385
7 Acroporium rigens 0.0324 0.0204 0.0384 0.0189 0.0219 0.0392 0.0386 0.0204 0.0287 0.0309 0.0241 0.0241 0.0256 0.0316 0.0354 0.0348 0.0384 0.0219 0.0378 0.0424 0.0401
8 Acroporium rufum 0.0279 0.0175 0.0369 0.0160 0.0189 0.0392 0.0370 0.0174 0.0257 0.0293 0.0211 0.0211 0.0226 0.0286 0.0309 0.0340 0.0354 0.0189 0.0363 0.0408 0.0385
9 Acropoium stramineum 0.0301 0.0189 0.0361 0.0160 0.0182 0.0437 0.0377 0.0182 0.0286 0.0278 0.0211 0.0248 0.0211 0.0293 0.0316 0.0354 0.0331 0.0196 0.0370 0.0415 0.0392
10 Acroproium strepsiphyllum 0.0354 0.0234 0.0414 0.0219 0.0248 0.0423 0.0416 0.0233 0.0316 0.0338 0.0271 0.0270 0.0286 0.0346 0.0384 0.0378 0.0414 0.0248 0.0408 0.0454 0.0431
11 Boulaya mittenii 0.0309 0.0324 0.0468 0.0301 0.0316 0.0369 0.0272 0.0301 0.0324 0.0293 0.0354 0.0368 0.0361 0.0211 0.0249 0.0287 0.0279 0.0301 0.0294 0.0294 0.0302
12 Brotherella henonii 0.0378 0.0393 0.0539 0.0408 0.0385 0.0423 0.0123 0.0385 0.0408 0.0362 0.0432 0.0446 0.0439 0.0354 0.0392 0.0394 0.0454 0.0378 0.0198 0.0145 0.0235
13 Clastobryum cuculligerum 0.0263 0.0249 0.0391 0.0226 0.0226 0.0346 0.0286 0.0211 0.0294 0.0204 0.0286 0.0293 0.0286 0.0211 0.0248 0.0271 0.0301 0.0256 0.0309 0.0324 0.0324
14 Gammiella tonkinensis 0.0385 0.0340 0.0530 0.0377 0.0377 0.0324 0.0363 0.0361 0.0431 0.0324 0.0431 0.0445 0.0415 0.0361 0.0384 0.0408 0.0407 0.0362 0.0370 0.0401 0.0355
15 Heterophyllium affine 0.0249 0.0279 0.0406 0.0256 0.0271 0.0362 0.0227 0.0241 0.0294 0.0248 0.0309 0.0323 0.0324 0.0196 0.0233 0.0257 0.0286 0.0256 0.0265 0.0264 0.0272
16 Hypnum cupressiforme 0.0301 0.0301 0.0475 0.0301 0.0339 0.0430 0.0324 0.0308 0.0346 0.0316 0.0346 0.0406 0.0354 0.0293 0.0331 0.0370 0.0309 0.0339 0.0363 0.0362 0.0370
17 Isocladiella surcularis 0.0363 0.0378 0.0499 0.0385 0.0369 0.0324 0.0370 0.0384 0.0446 0.0377 0.0431 0.043 0.0438 0.0361 0.0384 0.0385 0.0461 0.0377 0.0378 0.0393 0.0355
18 Isopterygium albescens 0.0392 0.0385 0.0537 0.0407 0.0392 0.0029 0.0384 0.0376 0.0430 0.0308 0.0422 0.0444 0.0415 0.0346 0.0384 0.0453 0.0476 0.0422 0.0423 0.0422 0.0415
19 Macrohymenium muelleri 0.0301 0.0167 0.0315 0.0152 0.0160 0.0385 0.0362 0.0182 0.0145 0.0286 0.0204 0.0233 0.0219 0.0293 0.0316 0.0317 0.0346 0.0167 0.0355 0.0385 0.0377
20 Mastopoma scabrifolium 0.0324 0.0332 0.0468 0.0354 0.0309 0.0423 0.0363 0.0354 0.0355 0.0354 0.0362 0.0392 0.0354 0.0241 0.0248 0.0340 0.0377 0.0339 0.0355 0.0401 0.0393
21 Mastopoma uncinifolium 0.0286 0.0423 0.0294 0.0294 0.0392 0.0347 0.0294 0.0347 0.0308 0.0316 0.0316 0.0324 0.0293 0.0286 0.0370 0.0392 0.0286 0.0371 0.0385 0.0393
22 Meiothecium microcarpum 3.88 0.0338 0.0175 0.0189 0.0385 0.0378 0.0174 0.0257 0.0294 0.0182 0.0271 0.0197 0.0293 0.0316 0.0332 0.0362 0.0204 0.0355 0.0416 0.0378
23 Papillidiopsis bruchii 2.80 2.07 0.0301 0.0271 0.0537 0.0523 0.0308 0.0376 0.0406 0.0293 0.0338 0.0293 0.0383 0.0421 0.0445 0.0475 0.0316 0.0531 0.0546 0.0523
24 Papillidiopsis macrostica 3.44 3.80 1.56 0.0160 0.0407 0.0385 0.0145 0.0241 0.0271 0.016 0.0241 0.0189 0.0286 0.0323 0.0339 0.0339 0.0174 0.0377 0.0407 0.0400
25 Piloecium pseudorufescens 3.00 3.33 1.85 1.44 0.0392 0.0354 0.0160 0.0256 0.0271 0.0167 0.0204 0.0167 0.0278 0.0300 0.0301 0.0354 0.0152 0.0347 0.0392 0.0369
26 Pterogonidium pulchellum 2.79 4.20 1.88 2.67 2.31 0.0400 0.0377 0.0430 0.0308 0.0423 0.0445 0.0415 0.0346 0.0384 0.0454 0.0468 0.0423 0.0423 0.0438 0.0430
27 Pylaisiadelpha tenuirostris 5.71 4.67 2.50 3.33 3.36 2.60 0.0354 0.0377 0.0339 0.0416 0.0423 0.0423 0.0324 0.0346 0.0378 0.0430 0.0355 0.0168 0.0036 0.0205
28 Radulina hamata 2.64 2.43 1.33 1.00 1.44 2.40 3.00 0.0256 0.0256 0.0189 0.0241 0.0182 0.0270 0.0308 0.0324 0.0338 0.0189 0.0347 0.0392 0.0369
29 Sematophyllum subhumile 2.92 4.83 2.00 2.67 2.5 2.63 3.64 2.18 0.0338 0.0256 0.0316 0.0271 0.0293 0.0324 0.0378 0.0392 0.0249 0.0401 0.0400 0.0423
30 Taxithelium nepalense 2.23 2.64 1.50 2.08 1.85 1.80 2.83 1.92 2.07 0.0301 0.0376 0.0301 0.0263 0.0315 0.0346 0.0368 0.0308 0.0370 0.0377 0.0369
31 Trichosteleum cuspidatum 3.30 3.17 2.08 1.44 2.83 2.56 4.09 1.89 3.37 2.15 0.0211 0.0174 0.0286 0.0323 0.0370 0.0392 0.0189 0.0408 0.0454 0.0431
32 Trichosteleum singapurense 2.31 1.47 1.56 1.06 0.87 1.61 2.56 0.83 1.87 1.32 1.64 0.0270 0.0345 0.0368 0.0392 0.0406 0.0182 0.0415 0.0461 0.0438
33 Trichosteleum stissophyllum 2.67 2.38 1.67 1.36 1.88 2.50 3.38 1.78 2.08 2.15 1.40 0.95 0.0293 0.0346 0.0392 0.0399 0.0204 0.0400 0.0461 0.0431
34 Trismegistia korthalsii 1.86 2.33 1.48 1.60 1.37 1.61 2.38 1.18 2.33 0.89 1.79 1.24 1.50 0.0065 0.0316 0.0308 0.0293 0.0331 0.0361 0.0369
35 Trismegistia rigida 2.00 2.31 1.38 1.75 1.41 1.74 2.36 1.33 2.38 1.15 1.93 1.27 1.47 2.00 0.0339 0.0346 0.0301 0.0369 0.0384 0.0407
36 Trismegistia undulata 4.56 5.43 2.00 3.60 2.73 3.07 7.50 2.67 4.67 2.36 3.55 2.31 3.08 2.31 2.29 0.0392 0.0339 0.0386 0.0401 0.0394
37 Vesicularia reticulata 2.53 2.77 1.67 2.29 2.20 2.00 2.63 1.56 2.12 1.50 2.53 1.50 1.84 1.80 1.94 2.79 0.0384 0.0454 0.0469 0.0461
38 Warburgiella leptocarpa 3.88 2.50 1.87 1.67 1.10 2.56 4.33 1.36 3.25 1.80 2.25 1.78 1.33 1.86 2.15 4.11 2.06 0.0347 0.0393 0.0370
39 Wijkia deflexifolia 7.33 5.00 2.74 3.64 3.70 3.07 22.00 3.27 4.40 3.55 4.50 2.73 3.50 2.75 2.85 9.40 3.07 4.88 0.0205 0.0197
40 Wijkia honschuchii 4.78 4.09 2.32 2.93 3.08 2.47 1.50 2.79 3.15 2.64 3.69 2.44 3.13 2.27 2.25 5.75 2.50 3.82 8.33 0.0242
41 Wijkia tanytricha 5.62 4.10 2.33 3.15 3.17 2.63 8.33 2.85 3.75 2.85 3.83 2.47 3.14 2.57 2.67 6.57 2.65 4.00 12.50 5.60
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Fig. 4: Scatter plot showing the number of substitutions (transitions and transversions) versus genetic distance (p distance) for the third codon position. The genetic distance
was calculated based on both transitions and transversions. Transitions are open circles and transversions are black circles. The base variations are so low at the first and
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that the third codon position has not reached saturation. As the third codon position is
the most variable position and has not reached saturation, substitution saturation is not
a substantial problem for phylogenetic estimation based on the present data set.
4.2.4 Base compositional bias and variations
The average frequencies for the four bases estimated from the data set were
A=29.6%, C=16.9%, G=21.7% and T=31.8%. This result is similar to the nucleotide
frequencies of rbcL gene reported before (Tsubota et al., 1999, 2000 and 2001). The
data set shows little bias of base composition and will not have negative influence on
the phylogenetic analysis based on it.
The data set had also undergone 5% chi-square tests using Tree-Puzzle 50.1
(Strimmer and Haeseler, 1996) to compare the base composition of each sequence to
the frequency distribution assumed in certain substitution models.  In the chi-square
test for single nucleotide composition, HKY (Hasegawa, Kishimo and Yano, 1985)
was the designated model. In the chi-square test for doublet composition, SH
(Schöeniger and von Haeseler, 1994) was the designated model.  All the sequences
passed these two tests, showing that the difference in base composition among
different taxa is not significant and thus is unlikely to exert negative influence on the
subsequent phylogenetic analysis.
4.2.5 Fitness of evolutionary models to the molecular data set
For the model-based methods like ML and BI analysis, it is critical to choose a
model that fit the data set under study. In this study, the software of Modeltest v3.06
(Posada and Crandall, 1998) was used to evaluate the fitness of evolutionary models
to the molecular data set.
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According to the results of LRT (likelihood ratio test) in Modeltest v3.06
(Posada and Crandall, 1998), none of the 56 evolutionary models better fits the data
than the others (See Appendix 4 for detailed information of the LRT test).
4.3     Scoring of morphological data
The results of morphological data are shown in Table 11.  Inapplicable
characters were scored as ‘–’ and unknown characters were scored as ‘?’.  Multi-state
scoring was accepted in this study.  The characters and character states list can be
obtained from Table 6.
            For characters 1 and 2, most of the information was obtained from literature
because the sexuality is difficult to observe in actual specimens.  Due to the absence
of sporophyte in many specimens, the scoring of characters describing the
sporophytic features (character 40-69) was also partly relied on literature.  Some of
the characters turned out to have no variation among the 41 taxa under study (e.g.,
characters 31, 44 and 45) or with only one different score (e.g., characters 32 and 60).
These characters are apparently not parsimony-informative.
            In the scoring of character 43, for 13 species the character states are not
known, and 9 species were scored as ‘absent’.  For old specimens the vaginular
paraphyses might have fallen off; hence the absence of vaginular paraphyses in the
actual specimens sometimes might be misleading.  Characters 57-59 belong to
another group of problematic characters with high proportion of unknown character
states among the 41 taxa. For one third of the total species (14 species) the character
states were not known and scored as ‘?’.
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Table 11: Morphological scoring of the 41 taxa.
species name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Acanthorrhynchium papillatum 1 1 1,2 0 0 3 1 2,3 1 0 0 1 0 0 1 0 0,1 0 2 2 0 1 0,1 1 1 0 0 1 0 0 0 0 2 0 0
Acroporium aciphyllum 0 1 0 0 0 3 0 2 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 1 0 0 0 0 1 0 0
Acroporium brevipes 0,1 1 0 0 0 2 1 2 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0
Acroporium johannis-winkleri 0 1 0 0 1 2 2 2 2 0 1,2 0 0 1,2 0 0 0 0,1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 3 0 0
Acroporium lamprophyllum 0 0 0 1 0 2 1 2 1 0 1 0 0 1,2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Acroporium procerum 0 1 0 0 0 1 1 1 1 0 1 1 2 1 1 1,2 0 0 0 0 1 0 0 0 0 0 1 1 0,2 1 0 0 1 0 0
Acroporium rigens 0 1 0 0 0 2 2 2 2 0 2 0 0 2 0 0 0 0,1 0 0 1 0 0 0,1 0 0 1 1 0 0 0 0 1 0 0
Acroporium rufum 0 1 0 0 1 2 1 2 1 0 1 0 0 1 0 0 0 1 0 0 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0
Acroporium stramineum 0,1 0,1 0 0 0 2 1 2 1 0 1,0 1 0 0 1 0 0 0,1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0
Acroporium strepsiphyllum 0,1 0 0 0 0,1 2 2 2 2 0 1 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 0
Boulaya mittenii 0 1 1 0 0 2 1 1 1 1 0 0 2 0 0 2 0 0 2 2 1 1 0 0 0 0 1 0 3 - 0 0 1 0 0
Brotherella henonii 0 1 0 0 0 2 1 2 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 1 2 1 0 0 1 0 0
Clatobryum cuculligerum 0 1 0 0 0 2 1 2 1 1 0 0 0 0 0 0 2 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 1 0 0
Gammiella tonkinensis 0 1 0 0 0 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0,1 1 0 0 0 1 1 2 0 0 1 0 0
Heterophyllium affine 1 1 0 0 0 2 1 2 1 1 0 0 0 0 0 0 1 0 0 0 1 2 0 2 0,1 0 1 1 1 2 0 0 1 0 0
Hypnum cupressiforme 0 1 0 0 0 2 1 2 1 0 1 0 0 0 0 0 0 1 0 0 1 1 0 10 0 0 1 0 1 2 0 0 1 0 0
Isocladiella surcularis 0 1 1 0 0 2 1 2 1 0 1 0 0 1 0 0 1 0 1 1 1 1 0,1 1 1 0 0 0 1 2 0 0 2 0 0
Isopterygium albescens 1 1 0 0 0 2 1 2 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 3 - 0 0 2 0 0
Macrohymenium muelleri 1 1 0 0 0 2 1 2 1 0 0 0 0 1 0 0 0 0,1 0 0 1 0 0 0 0 2 1 1 1 2 0 0 0 0 0
Mastopoma scabrifolium 0 ? 1 0 0 2 1 2,3 1 0 0 0 0 0 0 0 0 0 2 2 1 1 0 2 1 0 0 1 0 0 0 0 2 0 0
Mastopoma uncinifolium 0 0 1 0 0 2 1 2 1 0 0 0 0 0 0 0 0 1 0 0 0 3 2 3 2 0 1 1 0 0 0 0 ? 0 0
Meiothecium microcarpum 1 1 0 0 0 1 1 1 1 0 0 0 2 0 0 0,2 0 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 1 0 0
Papillidiopsis bruchii 0 0 0 0 0 1 1 1,2 1 0 1 0 0 1 0 0 2 0 2 2 1 1 1 1 1 0 1 1 0 0 0 0 2 0 0
Papillidiopsis macrostica 1 1 0 0 0 1 1 1 1 0 1 0 0 1 0 0 0 0 2 2 1 1 0 0,1 0 0 1 1 0 0 0 0 1 0 0
Piloecium pseudorufescens 0 0 0 0 0 2 1 2 1 0 0 0 2 0 0 2 0 0 0 0 1 1 0,1 1 1 0 1 1 1 2 0 0 0 0 0
Pterogonidium pulchellum 1 1 0 0 0 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 3 - 0 0 3 0 0
Pylaisiadelpha tenuirostris 0 1 0 0 0 2 1 2 1 0 0 0 0 0 0 0 0 1 0 0 1 0,1 0 0 0 0 0 0 2 1 0 0 2 0 0
Radulia hamata 1 1 0 0 0 2 1 2 1 0 0 0 0 0 0 0 0 1 3 3 1 1 0 1 0 0 0 1 0 0 0 0 1 0 0
Sematophyllum subhumile 1 1 0 1 0 2 1 2 1 0 0 0 0 0 0 0 0 0,1 0 0 1 0 0 0,1 0 0 0 1 0,2 0,1 0 0 0 0 0
Taxithelium nepalense 1 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 1 0 3 3 1 1 1 1 0,1 0 0 0 2 2 0 0 1 0 0
Trichosteleum cuspidatum 1 1 0 0 0 2,3 1 2 1 0 1 0 0 1 0 0 0 1 2 2 1 1 0 2 0 0 0 1 0 0 0 0 0 0 0
Trichosteleum singapurense 1 0 0 0 1 2 1 2 1 0 0 0 0 0 0 0 1 0 2 2 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0
Trichosteleum stissophyllum 1 1 0 0 0 2,3 1 3 1 0 1 0 0 1 0 0 0 0 2 2 1 1 0 1 0 0 0 1 0 0 0 0 ? ? ?
Trismegistia korthalsii 0 1 3 0 0 2 1 1,2 1 0 0 0 0 0 0 0 0 0 0 0 2 2 0 2 0 0 1 1 0,2 1 0 0 1 0 0
Trismegistia rigida 0 1 3 0 0 2 1 1,2 1 0 0 0 2 0 0 0 0 0 0 0 2 2 1 2 1 0 1 1 0,2 1 0 0 1 0 0
Trismegistia undulata 0 1 1 0 0 4 1 4 1 0 0 0 1 0 0 1 0 0 0 0 1 2 0 2 0 0 1 0 1 2 0 0 ? 1 0
Vesicularia reticulata 1 1 0 0 0 2 1 2 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 3 - 0 1 3 0 0
Warburgiella leptocarpa 1 1 0 0 0 3 1 3 1 0 1 0 0 1 0 0 0 1 2 2 1 2 0 2 1 0 1 1 0 0 0 0 1 0 0
Wijkia deflexifolia 1 1 2 0 0 2 1 2 1 1 0 0 0 0 0 0 0 1 1 1 1 1 0 1 1 0 0 1 2 1 0 0 3 0 0
Wijkia hornschuchii 0 0 2 0 0 3 1 3 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 1 2 1 0 0 3 0 0
Wijkia tanytricha 0 1 2 0 0 3 0 3 1 1 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 1 2 1 0 0 1 0 0
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Table 11 (continued)
species name 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
Acanthorrhynchium
papillatum
0 1 1 0 1 2 0 1,2 0 0 0 0 2 0 1 1 0 0 0 1 2 0 0 0 0 1 1 0 0 0 0 0 0 0
Acroporium aciphyllum 1 1 1 0 0 1 0 ? 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 1 0 1 1 0 0 0 1 1 0 0
Acroporium brevipes 0 1 1 0 0 1 0 ? 0 0 0 0 1 0 1 0 0 1 0 0 1 ? ? ? 0 1 0 0 0 0 1 0 0 0
Acroporium johannis-winkleri 0 1 1 0 0 1 0 1 0 0 0 0 1,2 1 0 0 0 1 0 0 1 ? ? ? 0 1 1 0 1 0 2 0 1 0
Acroporium lamprophyllum 1 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 1 0 0 1 1 0 0 0 1 0 0 0
Acroporium procerum 0 1 1 0 0 0 0 0 0 0 0 0 2 0 0 0 1 1 0 0 1 0 1 1 0 1 1 0 1 0 2 1 0 0
Acroporium rigens 0 1 1 0 0 ? 0 ? 0 0 0 0 ? ? ? ? ? 1 0 0 1 ? ? ? 0 1 1 0 ? 0 ? ? ? 0
Acroporium rufum 0 1 1 0 0 1 0 ? 0 0 0 0 1 1 1 0 0 1 0 0 1 ? ? ? 0 1 1 0 1 0 0 0 1 0
Acroporium stramineum 0 1 1 0 0 1 0 1 0 0 0 0 2 1 1 0 0 1 0 0 1 ? ? ? 0 1 1 0 1 0 1 1 1 0
Acroporium strepsiphyllum 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 ? ? ? 0 1 1 0 1 0 1 1 1 0
Boulaya mittenii 0 1 1 0 0 0 0 ? 0 0 0 0 2 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 2 1 1 1
Brotherella henonii 0 1 1 0 0 1 0 2 0 0 0 0 2 0 1 0 1 2 0 1 2 0 0 0 0 1 1 0 0 0 0 1 0 0
Clatobryum cuculligerum 0 1 1 1 0 2 0 1 0 0 0 0 1 0 1 0 0 1 0 0 1 0 0 0 0 1 1 1 1 0 2 1 0 0
Gammiella tonkinensis 0 1 0 1 0 1 0 ?
?
0 0 0 0 1 0 1 0 1 1 0 1 2 ? ? ? 0 0 0 1 1 0 2 1 1 0
Heterophyllium affine 0 1 1 0 1 2 0 2 0 0 0 0 2 0 0,1 1 1 0 0 1 2 0 0 0 0 0,1 1 0 0 0 0 0,1 0 0
Hypnum cupressiforme 0 0 1 0 0 1 0 1 0 0 0 0 1 0 0 1 1 2 0 1 2 0 0 0 0 0 0 0 0 0 0 1 1 1
Isocladiella surcularis 0 1 1 0 0 1 0 2 0 0 0 0 1 0 0 0 1 1 0 1 2 0 0 0 0 0 1 1 1 0 2 0 0 0
Isopterygium albescens 0 1 1 0 0 0,1 0 2 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0
Macrohymenium muelleri 0 1 1 0 0 0 0 1 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 0 0 1 1 1 1 3 2 1 1 0
Mastopoma scabrifolium 0 1 1 0 0 1,2 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 ? ? ? 0 1 1 0 0 0 2 0 0 0
Mastopoma uncinifolium 0 ? 1 0 1 2 0 ? 0 0 0 0 2 0 0 1 1 2 0 0 1 ? ? ? 0 1 1 0 0 0 0 ? ? 0
Meiothecium microcarpum 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0,1 0 1 1 0 1 2 0 0 0 0 0 1 1 - 1 - 1 1 0
Papillidiopsis bruchii 0 1 1 0 0 1 0 2 0 0 0 0 1 0 0,1 0 1 1 0 0 1 ? ? ? 0 1 1 0 0 0 0 1 ? 0
Papillidiopsis macrostica 0 0 1 0 0 1 0 ? 0 0 0 0 1 0 1 0 0 1 0 0 1 0 1 0 0 1 1 0 0 0 1 0 0 0
Piloecium pseudorufescens 1 1 1 0 1 2 0 0 0 0 2 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 1 0,1 0 0 0 0 1 0
Pterogonidium pulchellum 0 1 1 0 0 1 0 1 0 0 0 0 0 0 1 0 1 2 0 2 0 0 0 0 0 0 0 1 - 1 - 0 1 0
Pylaisiadelpha tenuirostris 0 1 1 0,1 0 2 0 1 0 0 0 0 1 0 1 0 1 1 0 1 0 0 0 0 0 1 1 0 1 0 2 0 0 0
Radulina hamata 0 1 1 0 0 2 1 0 0 0 0 0 1 1 0 0 0 1 1 0 1 0 1 0 0 2 1 0 0 0 1 0 0 0
Sematophyllum subhumile 0 1 1 0 0 0,1 0 2 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 1 0 1 0
Taxithelium nepalense 0 1 1 0 0 1 1 1,2 0 0 0 0 1 0 0 1 0 0 0 1 2 0 0 0 0 1 1 0,1 0 0 0 0 0 0
Trichosteleum cuspidatum 0 1 1 0 0 1 0 ? 0 0 0 0 ? 0 0 0 1 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
Trichosteleum singapurense 0 1 1 0 0 1 0 0 0 0 0 0 0,1 0 0 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 0 0 1
Trichosteleum stissophyllum 0 1 1 0 0 1 0 2 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 1 0 0 0 1 1 1 0
Trismegistia korthalsii 0 1 1 0 0 1 0 ? 0 0 0 0 2 0 0 0 1 1 0 0 2 ? 0 ? 0 1 1 0 0 0 0 0 0 1
Trismegistia rigida 0 1 1 0 0 0 0 2 0 0 0 0 2 0 0 0 1 2 0 0,1 2 0 0 0 0 1 1 0 0 0 0 0 0 0
Trismegistia undulata 0 1 1 0 1 1 0 ? 0 0 0 0 2 0 0,1 0 1 2 0 1 1 ? ? ? 0 1 1 0 0 0 1,2 1 0 0
Vesicularia reticulata 1 1 1 0 0 1 0 2 0 0 0 0 2 0 0 0 0 0 0 1 2 0 0 0 1 0 0 0 0 0 1 0 1 0
Warburgiella leptocarpa 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 1 2 0 1 0 0 2 1 0 0 0 1 0 1 0
Wijkia deflexifolia 0 1 1 0 0 1 0 ? 0 0 0 0 2 0 0 1 1 2 0 1 2 ? ? ? 0 1 1 0 0 0 1 1 ? 0
Wijkia hornschuchii 0 ? ? 0 0 1 0 ? 0 0 0 0 1 0 1 1 0 2 0 1 2 ? ? ? 0 1 1 0 0 0 1 1 0 0
Wijkia tanytricha 0 1 1 0 1 1 0 0 0 0 0 0 2 0 0 1 0 1 0 1 2 0 0 0 1 0 0 0 0 1 1 0 0
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4.4  Phylogenetic reconstruction based on rbcL sequences
Three kinds of methods were used to reconstruct phylogeny using rbcL gene
sequences.  The first two are model-based methods: Maximum Likelihood (ML) and
Bayesian Inference (BI) methods. The third one is model-free method: Maximum
Parsimony (MP).  ML and MP analyses were done using PAUP * 4.0b10 (Swofford,
2002). BI analyses were done using MrBayes v2.01 (Huelsenbeck and Ronquist,
2001). In all the analyses, the designated outgroup was Boulaya mittenii.
4.4.1 Phylogenetic analysis using Maximum Likelihood (ML) method
Based on the previous analysis of nucleotide substitution models by Modeltest
3.06 (Posada and Crandall, 1998), there is no obviously suitable model for the present
data set. Therefore the five most frequently used substitution models were all applied
to the data set in ML and BI analysis. The five substitution models used are: JC69
(Jukes and Cantor, 1969), F81 (Felsenstein, 1981), K80 (Kimura, 1980), HKY
(Hasegawa, Kishimo and Yano, 1985) and GTR (Rodríguez et al., 1990). In ML
analysis, the substitution rates were set to site-specific as rbcL is a protein-coding
gene.
All the ML analyses was done using PAUP* 4.0b10 (Swofford, 2002).  In all
the ML analyses, the branch-swapping algorithm applied was tree-bisection-
reconnection (TBR) and addition of sequence was by as-is method. As site-specific
rates were applied, different codon positions were treated differently. Therefore
bootstrap searching is no longer suitable for the data set and is not included in all the
ML analysis.
Fig. 5 shows the ML tree constructed using JC69  (Jukes and Cantor, 1969) as
the substitution model. There are five clades recognized in this tree.  The clades are
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Fig. 5: Phylogenetic tree reconstructed based on rbcL gene sequences using ML method (JC69 model).
The log likelihood score is - 6348.35451). The designated outgroup is Boulaya mittenii. The five clades
are identified mainly for the convenience of further discussion. See text (Section 4.4.1) for the
















































identified mainly for the convenience of further discussion.  The taxonomic inference
will be discussed later.
Clade A is the largest group among the five, consisting of 20 species from 9
genera.  The taxa in clade A are: Acroporium aciphyllum, A. brevipes, A. johannis-
winkleri, A. lamprophyllum, A. procerum, A. rigens, A. rufum, A. stramineum, A.
strepsiphyllum, Macrohymenium muelleri, Meiothecium microcarpum, Papillidiopsis
bruchii, P. macrostica, Piloecium pseudorufescens, Radulina hamata, Sematophyllum
subhumile, Trichosteleum cuspidatum, T. singapurense, T. stissophyllum and
Warburgiella leptocarpa.   
The nine Acroporium species form one clade.  On the other hand, the genera
of Trichosteleum and Papillidiopsis are not monophyletic. The newly discovered
species, Trichosteleum cuspidatum, shows close relationship to Trichosteleum
stissophyllum and Papillidiopsis bruchii. Another Trichosteleum speices, T.
singapurense, joins Warburgiella leptocarpa and Piloecium pseudorufescens forming
one clade. The latter species, Piloecium pseudorufescens, traditionally belongs to the
family of Myuriaceae.
Clade B and Clade C are two small clades.  Clade B consists of
Acanthorrhynchium papillatum and Mastopoma scrabrifolium.  Clade C consists of
Mastopoma uncinifolium, Trismegistia korthalsii and T. rigida.  Apparently
Mastopoma is not a monophyletic genus. Neither is Trimegistia. The third Trimegistia
member included in this study, T. undulata, does not join the other two Trimegistia
members in Clade C.
Clade D and Clade E are shown distantly related to the ‘core group’ of
Sematophyllaceae, Clade A.  Clade D consists of one Hypnaceae member,
Isoperygium albescens, and three Sematophyllaceae members, Gammiella
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tonkinensis, Isocladiella surcularis and Pterogonidium pulchellum. Pterogonidium
pulchellum, which is a South-American Sematophyllaceae species found in Singapore
for the first time during this study, shows a close relationship to the Hypnaneae
member Isopterygium albescens.
In clade E, there are three Wijkia speices, W. deflexifolia, W. hornschuchii and
W. tanytricha.   Brotherella henoii and Pylaisiadelpha tenuirostris are also in clade E
and make Wijkia a paraphyletic genus.
Fig. 6 is a summary of topologies of all the five ML trees generated under
different nucleotide substitution models, namely, JC69, F81, K80, HKY and GTR.
Three similar topologies were shared by the five trees. The five clades labeled in this
tree are the same as those in the phylogenetic tree reconstructed using JC69 model
(Fig. 5), in terms of taxic composition.  There are slight differences in topology
within each clade.  In three of the analyses (under JC69, F81 and HKY models), the
trees share the same topology (Fig. 6A).  The topology under K80 differs from the
previous topology only at the position of Clade D (Fig. 6B).  Instead of joining Clade
E, Clade D joins Clade C forming one monophyletic group.  In the tree under GTR
model (Fig. 6C), Clade B shows less close relationship to Clade A and joins Clade D
to form one group.
From Fig. 6, it can be seen that the main uncertainties among different ML
trees are the positions of Clades B and D.  On the other hand, Clades C and E are
always shown distantly related to the core group of Sematophyllaceae (Clade A).
Heterophyllium affine, another taxon traditionally placed in the family
Sematophyllaceae, is also distantly related to the core group in all the ML trees.
In summary, in ML analyses the topologies of the phylogenetic trees are
slightly affected by the choices of different base substitution models. Clade A shown
48
                A: JC69, F81 and HKY                                                        B: K80                                                                      C: GTR
Fig. 6: Summary of ML trees based on rbcL gene sequences under different substitution models (JC69, F81, K80, HKY and GTR). (A):  Topology of the trees under models
of JC69, F81 and HKY.  (B): Topology of the tree reconstructed under model of K80.  (C): Topology of the tree reconstructed under model of GTR.  In all the analyses, the
designated outgroup was Boulaya mittenii.  Clades A, B, C, D and E have the same taxic composition as described in previous text (Section 4.4.1).  There are slightly






































in Fig. 5 and Fig. 6 is the core group of Sematophyllaceae. The relationships of the
rest of the taxa are not fully resolved and show some degree of uncertainty.
4.4.2 Phylogenetic analysis using Bayesian Inference (BI) method
All the BI analyses were done using MrBayes v2.01 (Huelsenbeck and
Ronquist, 2001).  The same five different models used in ML methods were applied
in BI analysis: JC69  (Jukes and Cantor, 1969), F81 (Felsenstein, 1981), K80
(Kimura, 1980), HKY (Hasegawa, Kishimo and Yano, 1985) and GTR (Rodríguez et
al., 1990).  The substitution rates were set to site-specific as rbcL is a protein-coding
gene.
In all the five analyses, the number of generation was 3,000,000.  Sample
frequency was one tree per 100 generations and the number of Markov chains was 4
for each analysis.  For each BI analysis, a total of 30,000 trees were obtained. The
topologies of the consensus trees based on the last 15,000, 10,000 and 5,000 trees
were rather stable, only with very slight differences.  For the convenience of
comparison, all the final consensus trees (50% majority-rule and strict consensus)
were drawn based on the last 5,000 trees.
Fig. 7 shows the BI tree reconstructed under the model of JC69 (Jukes and
Cantor, 1969).  The numbers above the internodes are frequencies of occurrence of
the different clades shown in the 5,000 BI trees (JC69) based on which the consensus
BI tree was reconstructed.  The topology is very much similar to that of the ML tree
under the same model of JC69 (see Section 4.4.1 and Fig. 5).  All the five clades
recognized in ML analyses were also found in this tree.  The relationships among all
the five clades remain the same.  The differences are mainly the positions of certain
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Fig. 7: Majority-rule consensus tree based on rbcL gene sequences using BI method (JC69 model).
The designated outgroup is Boulaya mittenii.  The five clades identified here have the same taxic
composition as in ML analyses (see Section 4.4, Fig. 6 and Fig. 7). The numbers above the internodes
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taxa, such as Taxithelium nepalense, Clastobryum cuculligerum and Heterophyllium
affine.
The five BI consensus trees (majority rule) can be grouped into two similar
general topologies, as shown in Fig. 8.  All the five clades recognized in ML analyses
can also be identified in these trees and all with high frequencies of occurrence.  The
only difference is whether Taxithelium nepalense shows a closer relationship to Clade
B or not.  The branch support values are slightly different in different trees but the
Clades A, B, C, D and E are all with high frequencies of occurrence.
In summary, the results of BI analysis are in general congruent with those of
ML analysis.  The choice of different substitution models again shows little influence
to the results of the analyses.  The taxic composition of the core group (Clade A)
remains the same.  Clades C, D and E are shown distantly related to the core group.
4.4.3 Phylogenetic analysis using maximum parsimony (MP) method
All the MP analyses was done using PAUP* 4.0b10 (Swofford, 2002).  In the
MP analyses, heuristic searches were implemented with 1000 replicates of random
taxon addition and TBR (tree-bisection-reconnection) swapping.
As substitution rates for transitions and transversions are different, different
weights were given to transitions and transversions.  A total of four weighting
schemes were applied.  In the four analyses, transversions (Tv) were given weights of
1, 2, 3 and 4 while the weight of transitions (Ts) remained as 1. Table 12 shows the
results of the four analyses.
Analysis A shows the best statistical properties: lowest number of tree islands
and trees, highest CI and RI, and shortest tree length.  Fig. 9 is the majority-rule




 In this study, various trees were obtained by different analytical methods 
based on the two different types of data. These analyses are summarized below: 
1) ML analyses of DNA sequences under five different substitution models; 
2) BI analyses of DNA sequences under five different substitution models; 
3) MP analyses of DNA sequences under four different weighting schemes; 
4) MP analyses of morphological data with the exclusion of different characters; 
5) MP analyses of combined data set under different weighting schemes. 
 
In the following sections, I will first discuss the molecular and morphological 
analyses separately, including some assessments of the quality of the data sets, as well 
as comparisons of performances of different analytical methods. Then I will compare 
the results based on different data sets (separate and combined data sets).  Finally, 
some phylogenetic inferences are made based on the results of this study in relation to 
past works.  
 
5.1     Molecular analyses  
5.1.1 Results of analyses based on rbcL gene sequences 
As mentioned in Section 4.4 (see the text and Fig. 5 to Fig. 10), the results of 
the various analyses based on rbcL gene sequences are generally similar and rather 
consistent.  There are five common clades found in all the phylogenetic trees.  Yet the 
taxonomic inference of each clade is still ambiguous, at least based on the information 
in this study.  
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Most of the members of Clade A (see Section 4.4.1 and Fig. 5 for the detailed 
description of Clade A) are traditionally considered to belong to the subfamilies of 
Sematophylloideae and Marcrohymenioideae.  The taxic composition of Clade A is 
similar to that of Group 1 in Sematophylloideae in Tan and Buck’s system (1989) (see 
Table 1).  Clade A can be considered as the core group of Sematophyllaceae.   
Clades B and C (Section 4.4.1 and Fig. 5) show that both Mastopoma and 
Trimegistia are not monophyletic. This result appears to support the proposal by 
Akiyama and Tsubota (2001) to transfer Trismegisita undulata from Trimegistia to a 
separate genus, which they have named as Pseudotrismegistia. 
 Clades D and E are distantly related to the ‘core group’ of Sematophyllaceae 
in all the phylogenetic trees based on rbcL gene sequences (Fig. 5 to Fig. 10).  The 
familial affinity of many members of Clades D and E has been controversial.  In the 
classifications by Fleischer (1915-1922) and by Tan and Buck (1989), the taxa in 
Clades D and E were treated as Sematophyllaceae members sensu latu.  Later, 
Hedenäs and Buck’s (1999) excluded most of the them from Sematophyllaceae 
except for Wijkia, while in the more recent works by Tsubota et al. (1999, 2000, 
2001a and 2001b), these taxa were again put back into Sematophyllaceae.  In this 
study, the position of Clades D and E were not consistent in different trees but 
generally they are distantly related to the core group (Clade A). 
 
5.1.2 Use of rbcL gene sequences in this study 
In a phylogenetic analysis, the information content of certain data set can be 
measured by the number of parsimony-informative sites.  In the current molecular 
data set, the number of parsimony-informative sites is 182 (12.7%). If the sequences 
of the outgroup Boulaya mittenii is excluded from the data set, the number of 
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parsimony-informative sites is 180, with only slight decrease compared to the case 
with the inclusion of the outgroup.    
Among the 182 informative sites, there are some sites with very low variation.  
At 24 informative sites, 39 species share the same base paris and only 2 species have 
different base pairs.  At another 22 informative sites, only 3 species have different 
base pairs type to the other species.  These 46 sites, though considered as parsimony-
informative, contain relatively limited information.   
This relatively low information content may affect the performance of 
phylogenetic analyses, especially in MP methods. In MP methods, only parsimony-
informative sites contribute to the reconstruction of phylogeny, while in ML and BI 
methods, even invariable sites have some phylogenetic information (Nei and Kumar, 
2000).  The polytomies present in the strict consensus trees in MP analyses show that 
the phylogenetic position of some taxa is not fully resolved based on the information 
provided by rbcL data set (see Section 4.4.3 and Fig. 10).  rbcL gene might be too 
conservative to resolve the relationships at generic level and subgeneric levels, at 
least among the tropical taxa of Sematophyllaceae included in this study.   
To achieve better resolution at the generic level, other genes with faster 
evolutionary rates can be employed in future analysis.  Possible candidates include 
trnL-trnF and rps4.  In the studies of the moss family Hedwigiaceae by De Luna et al. 
(2000), the three fragments, namely, trnL-trnF, rps4 and rbcL, were sequenced from 
the same set of specimens. According to the results, trnL-trnF and rps4 were shown 
to have higher evolutionary rates than rbcL genes and were more useful than rbcL to 
resolve phylogenetic relationships at the generic level, especially for resolving the 
relationship among closely related genera.  Other phylogenetic studies of bryophytes 
(e.g., Blöcher and Capesius, 2002; Buck, Goffinet and Shaw, 2000a and 2000b; La 
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Farge, Shaw and Vitt, 2002; Vanderpoorten et al., 2002) also show that trnL-trnF and 
rps4 are rather useful to resolve phylogenetic problems at the generic level or below, 
among mosses. 
 
5.1.3 Choosing a ‘fit’ model in ML and BI analyses 
For the model based analytical methods like ML and BI methods, the accuracy 
of the analyses was largely based on the fitness between the substitution model and 
the data set in use (Buckley, Simon and Chambers, 2001; Huelsenbeck, 1995; Posada 
and Crandall, 2001). Choosing an appropriate substitution model is thus very 
important.   
In this study, Modeltest v3.06 (Posada and Crandall, 1998) was used to 
evaluate 56 models of evolution for the best fit of the data. The results showed that no 
model better fits the given data set (rbcL sequences) than the others (see Appendix 4 
for the detailed information of the LRT test). One of the possible reasons for the 
failure to choose a best-fit model may be due to the low divergence of the data.  The 
substitution models are mostly statistics-based.  For a data set showing limited 
divergence, the statistical property is not prominent.  Thus, the LRT test, which is also 
a statistics-based method, can hardly tell which model best fits the data.  Another 
possible reason accounting for the failure of choosing the best fit model is the 
possible heterogeneity of the evolutionary rate of the rbcL gene at different sites.  As 
rbcL is a protein-coding gene, the functional and structural constraints at the protein 
level, as well as the redundancy of genetic code, can affect the evolutionary rate at 
different sites.  In Modeltest v3.06 (Posada and Crandall, 1998), the heterogeneity of 
evolutionary rate is not dealt with.  This might be another reason affecting the 
evaluation of the fitness of the substitution models to the rbcL data set. 
 69
On the other hand, for data sets showing low degree of divergence, the 
application of different models tends to have relatively little influence on the topology 
of the trees (Buckley, Simon and Chambers, 2001).  As shown in Section 4.4, the 
topologies of the ML trees and BI trees under different models are rather stable.  It 
shows that the substitution models have relatively little influence on the topology of 
the trees, suggesting that in some circumstances, especially when the divergence of 
data sets is low, the estimates of topology can be insensitive to the substitution model 
used. 
 Generally for data sets with low divergence, the simple models can probably 
produce more reliable results than the complex models (Huelsenbeck and Rannala, 
1997; Nei and Kumar, 2000; Sullivan and Swofford, 2001).  In this study, by 
comparing the five trees based on different models in ML analyses, we can see that 
the GTR tree shows greater difference to the other four trees that were based on 
simpler models (see Section 4.4.1 and Fig. 6).  Though no evidence at present can 
prove the ‘real’ phylogeny, the topology of the trees based on the simpler models is 
commonly found in the other two types of analyses (see Section 4.4.2, Fig. 7, Fig. 8 
and Fig. 9), indicating that the trees based on simpler models probably reflect the real 
pattern in the evolution.  
 
5.1.4 Comparisons of the results by different tree-building methods 
There have been various publications discussing the strength and weakness of 
different tree-building methods (e.g., Felsenstein, 1981; Hall, 2001; Huelsenbeck, 
Miller and Ronquist, 2002; Miyamoto & Cracraft, 1991; Nei and Kumar, 2000; 
Strauss, 1993).  The following discussion is carried out from a practical point of view, 
comparing the performance of different tree-building methods in this study. 
 70
There are different criteria to assess the performance of certain tree-building 
methods.  The commonly used criteria include the probability of obtaining the true 
topology, the statistical tests of the phylogenetic trees, and the computational speed, 
etc. (Nei and Kumar, 2000).  
 In this study, the topologies of different analyses are very much similar to 
each other (see Section 4.4, Fig. 5 to Fig.11).  Therefore, though the true phylogeny is 
not apparent, the accuracy of the topologies reconstructed by the three methods 
should also be similar. This agrees with Nei and Kumar’s opinion (2000) that when 
the divergence is low, different methods are likely to produce similar results. 
 In terms of computational speed, in this study, MP methods are much faster 
than BI and ML methods.  ML methods have the lowest computational speeds among 
the three. 
 One of the most frequently used statistical tests of the phylogenetic trees is 
bootstrapping search.  In this study, bootstrapping was not done for ML analyses 
because of the application of site-specific partition to the data.  Bootstrapping is also 
not applicable for BI methods.  Thus for this study, it is not applicable to compare the 
statistical properties of the different trees. 
It is believed by some authors that ML and BI methods are advantageous over 
MP methods in terms of handling the molecular data (Swofford et al, 2001).  
However, when the divergence is low, MP methods can outperform model-based 
methods like ML and BI (Nei and Kumar, 2000).  According to the above preliminary 
comparison, MP methods are shown to be as good as the other two methods in this 
study, if not better. 
  As there are many factors affecting the performance of different tree-building 
methods (Takahashi and Nei, 2000), it is not wise to draw any definite conclusions 
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from this single study.  The overall assessment of different analytical methods should 
be based on broad experimental studies, as well as computational simulations (Nei 
and Kumar, 2000).  
To summarize, the rbcL gene shows little variation within the taxa under study. 
Its level of variation is similar to those reported in previous studies on pleurocarpous 
mosses (e.g., Buck, Goffinet and Shaw, 2000a; Tsubota et al., 1999, 2000, 2001a and 
2001b).  This feature makes the ML and BI analyses based on this data set less 
affected by the substitution models.  The performance of the three different tree-
building methods is also similar.  
However, there are some general features present in all the analyses, which 
probably reflect the real patterns in evolution.  On the other hand, due to the low 
variation and low information content, the phylogenetic relationships among all the 
genera under study are not fully resolved.  Yet rbcL gene sequences have produced an 
alternative, and perhaps more natural, group delimitation for Sematophyllaceae.   
 
5.2     Morphological analyses 
5.2.1 Results of analyses based on morphological data 
The resolution and stability of the results based on morphological data are 
lower than those of molecular analyses (see Section 4.5 and Table 13). There are only 
two common clades found in different analyses, Clades F and G (see Section 4.5, Fig. 
11 and Fig. 12). Again, these two clades were identified mainly for the convenience 
of discussion, while their taxonomic inference is ambiguous based on the results in 
the present study. 
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The taxic composition of Clade F is similar to that of Clade A in molecular 
analyses (Section 4.4.1 and Fig. 5).  Most of the members of Clade F are traditionally 
believed to be good members of the subfamily Sematophylloideae, except for 
Clastobryum cuculligerum and Piloecium pseudorefescens. Oddly, in the majority-
rule consensus tree (Fig. 11), the species of Acroproium did not form one 
monophyletic group.  In the molecular analyses (ML, BI and MP meethods), 
Acroporium was always shown to be a monophyletic genus with strong branch 
support (in BI and MP methods).   Morphologically, the Acroporium species are also 
similar and easy to differentiate from the other Sematophyllaceae members.  The non-
monophyly of Acroporium in morphological trees suggests that there are some 
problems with the morphological analysis, perhaps in the process of choosing 
characters, dividing the character states, as well as in the process of scoring. 
The taxic composition of Clade G (Figs. 11 and Fig. 12) is similar to that of 
Heterophyllioideae in Fleischer’s system (1915-1922), except that Gammiella, instead 
of joining Clade G, appears at the basal portion of the trees.  Different from the 
molecular trees, Wijkia is shown to be monophyletic in the morphological trees (Fig. 
11 and Fig. 12).  On the other hand, Trismegistia is shown to be paraphyletic, again 
supporting the exclusion of Trismegistia undulata from the Trismegistia, as proposed 
by Akiyama and Tsubota (2001). 
The several genera at the basal part of the morphological trees (Fig. 11 and 
Fig. 12), Gammiella, Isocladiella, Pylaisiadelpha, were excluded from 
Sematophyllaceae by Hedenäs and Buck (1999).  In the morphological analysis of 
this study, these genera were shown to be mixed with the Hypnaceae members and 
were distantly related to the typical Sematophyllaceae. 
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5.2.2 The quality of the morphological data set 
The results of cladistic analysis based on morphological characters in this 
study showed a lot of homoplasy, as indicated by the low consistency index (ca. 
0.27). This is a common feature in many of the morphological analyses in bryophytes, 
especially at the family level and above (Hedenäs and Buck, 1999).  Besides the 
common problems in cladistic analysis of bryophytes mentioned in Section 2.1.1, 
there are some specific factors affecting the quality of the morphological analysis in 
this study. 
 One factor is the low information content of the data set used in this study. A 
total of 69 morphological characters were included, 59 of which are parsimony 
informative. Among the informative characters, six of them show very little variance 
in all the 41 taxa: 39 species share the same character states. Apparently these 
characters contain rather limited information. Some characters turned out to be 
variable mainly within one genus (e.g., characters 7, 12 and 15). Again, these 
characters provide little information to study the relationships among different genera.  
In this study, the sporophyte features play less important role than 
gametophyte features, though normally sporophytes are believed to be more ‘reliable’ 
in moss classification (Cox and Hedderson, 1999; Vanderpoorten et al., 2002). Thirty 
sporophyte traits are included in this analysis but only 25 of them are parsimony 
informative. On the other hand, there are 34 gametophyte features that are parsimony-
informative. This shows that in this study, the results of phylogenetic trees rely more 
on the gametophyte characters, which are considered to be more environmentally 




Though there are problems inherent in morphological analysis in any 
phylogenetic study, the importance of morphological data set should not be ignored. 
The traditional classification systems were based on morphological study.  Cladistic 
studies based on morphological features can closely link phylogenetics to taxonomy. 
Morphological data can provide to a certain extent an overall recognition of the 
relatedness of organisms as the data are collectively taken from the organisms 
(Stuessy, 1994).  Morphological analysis formulates phylogenetic hypotheses and the 
patterns found in morphological study can serve as a basis for further analysis (Bopp 
and Capesius, 1998; La Farge-England, 1998; Pederson, 2000). The quality of 
cladistic analysis based on moss morphology can be improved with the improvement 
in our understanding of moss morphology and the use of more critical evaluation of 
character and character states. 
 
5.3 Congruence analysis of the two data sets 
As phylogenetic analysis is increasingly based on multiple data sets, how to 
utilize multiple data sets has been widely discussed.  There are basically two kinds of 
approach: separate analysis and combined analysis. The advantages and 
disadvantages of each approach have been discussed over a long time (e.g., Bull, et 
al., 1993; Huelsenbeck, Bull and Cunningham, 1996; Miyamoto and Fitch, 1995; 
Nixon and Carpenter, 1996; Wiens, 1998).  Both of the approaches were applied in 
this study.   
In this section, comparisons of the results of analyses based on each of the 
data sets (rbcL gene sequences and morphological data) will be carried out, followed 
by a discussion of the tree reconstructed based on combined analysis.  
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 5.3.1 Comparisons of the results of separate analysis: congruence and 
difference 
Fig 15 shows the two trees reconstructed based on rbcL and morphological 
data separately. Both of the two trees were reconstructed using MP methods. The 
particulars of each analysis can be referred to Chapter 4. 
The core groups of Sematophyllaceae in both two trees are rather similar 
(Clades A and F respectively), though there are differences in the inclusion of certain 
genera and the internal topologies of the taxa included in the two analyses.  The 
common genera in the core groups in both analyses include: Acroporium, 
Macrohymenium, Papillidiopsis, Piloecium, Radulina, Sematophyllum, Trichosteleum 
and Warburgiella.  Most of these taxa belong to the traditional subfamily 
Sematophylloideae. The resolution of Clade A is apparently better than that of Clade 
F.  Acroporium was shown to be a monophyletic group in molecular analysis while in 
morphological analysis Acroporium was shown to be paraphyletic (in the majority-
rule consensus trees) or the relationships of members of Acroporium and other taxa 
are not resolved (in strict consensus trees). Papillidiopsis and Trichosteleum are 
shown to be non-monophyletic in both analyses. 
For the relationships among the rest of the taxa, there are many differences 
between the two analyses. One of the main differences is that in the morphological 
tree the basal portion consists of all the three members of Hypnaceae, namely, 
Hypnum cupressiforme, Isopterygium albescens and Vesicularia reticulata, which are 
shown in various clades, mixed with Sematophyllaceae (sensu Tan and Buck 1989) 
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MP analysis based on sequences of rbcL 
Fig. 15:  Comparison between the ‘molecular tree’ and the ‘morphological tree’. The ‘molecular tree’ 
is the strict consensus tree MP analysis based on sequences of rbcL gene sequences. The 
morphological tree is the strict consensus tree of 169 most parsimonious tree based on the morpho-
matrix (character 43 was not included). Clades A and F are the core groups in the two analyses 
respectively, which share similar taxic composition. For the detailed information about the two trees, 
see the previous description (Section 4.4.3 and Section 4.5). 
 77
 clade of Sematophyllaceae member. The other two Hypnaceae members are shown 
to be at the base of the tree.  
The affinities among the group of Brotherella, Trimegistia and Wijkia also 
vary in the two trees.  In both trees, species of Trismegistia does not form a 
monophyletic group, and the phylogenetic position of Trismegistia is also shown to 
be different in the two trees. The two species of Mastopoma also do not form one 
clade. Mastopoma scabrifolium shows a close relationship with Acanthorrynchium 
papillatum in both trees, while the position of Mastopoma unicifolium varies in the 
two trees.  
These differences in the topology of some taxa are expected. The phylogenetic 
tree based on DNA sequences, such as rbcL gene sequences in this study, strictly 
speaking, only reflect the evolutionary history of the particular gene among the taxa 
under study (Doyle, 1992).  It is only a ‘gene tree’. On the other hand, the 
phylogenetic trees based on morphological data are more likely reflecting the 
evolutionary pathway of the species involved as morphological data are collectively 
taken from the organisms (Stuessy, 1994) and are more likely to be the ‘species tree’. 
The evolutionary history of the taxa (the ‘species tree’) can be considered as a 
composite of the varied histories of different genes (the ‘gene trees’) (Maddison, 
1997). As discussed in numerous publications, various reasons can cause the 
discrepancy between gene tree and speices tree, including some biological process, 
such as horizontal transfer of genes, lineage sorting, etc. (Doyle, 1992 and 1997; 
Maddison, 1997; Slowinski and Page, 1999).  The differences can also be caused by 
the qualities of different data sets, if one or more of the data sets produce misleading 
results.  On the other hand, the congruence among different data sets are normally 
 78
regarded as strongly supported by different data sets (Miyamoto and Cracraft, 1991; 
Stepien and Kocher, 1997) and the common patterns are likely to be true.  
 
5.3.2 Analysis based on the combined data set 
In combined analysis, all the data are combined into one data set and 
pnylogenetic reconstruction is based on this combined data set. The advantage of 
combined analysis is that it maximizes that ‘informativeness’ and ‘explanatory 
power’ of the data available (Kluge, 1989; Kluge and Wolf, 1993). However, studies 
have shown that if the different sets are evolutionarily heterogeneous, combined data 
set might give misleading results (Huelsenbeck, Bull and Cunningham, 1996).  
Heterogeneity test become necessary before the combination of different data sets. 
In this study, the partitioned homogeneity test (Cunningham, 1997; Farris et 
al., 1995), as implemented in PAUP* 4.0b10 (Sworfford, 2002), was used to examine 
data and to evaluate the congruence of the combined data set.  However, the test was 
going on an extremely slow speed.  Due to the limit of time, the test was terminated 
halfway. However, combined analysis was still carried out without knowing the 
degree of heterogeneity of the two data sets (rbcL gene sequences and morphological 
data), to examine the effect on the tree topology by combining two data sets.   
Therefore it is unwise to use the results of the combined analysis as the only 
reference, instead of the main evidence, to do the phylogenetic inference.  
The results of combined analysis are similar to those of the analyses based on 
molecular data, even when the morphological data were weighted three times more 
than the molecular data (see Table 14, Fig. 13 and Fig. 14).  Four out of the five 
clades that are consistently found in molecular analysis are present in the trees based 
on combined data set.  The clade formed by Clade A, Clade B and Clastobryum 
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cuculligerum is similar to Clade F in the morphological trees.  Different from both of 
the separate analyses, in the combined analysis, one of the Hypnaceae species, 
Vesicularia reticulata, shows a closer relationship to the core group than many other 
Sematophyllaceae (sensu lato) members. 
      Apparently the quality and reliability of the results of combined analysis are 
also determined by the quality of each type of data. Since in this analysis, as 
discussed in Sections 5.1 and 5.2, there are some problems with current 
morphological data, it shows again that the combined analysis in this study can be 
treated only as a reference in the determination of phylogenetic relationships of taxa 
under study. 
 
5.4 Taxonomic inferences relating the present study to past works in 
Sematophyllaceae 
   As discussed above, the resulting trees of morphological analyses show poor 
resolution and low branch support. Therefore, the following discussion will mainly 
focus on the common patterns shown by the different analyses based on rbcL gene 
sequences, and at the same time, use the morphological analyses and combined 
analyses as secondary references.  
 
5.4.1 The genus of Acroporium 
 Acroproium is accepted as a traditional member of subfamily 
Sematophylloideae in all previous studies. It does join the core group of this family in 
this study. There are 9 Acroporium species included in this study and they formed one 
robust monophyletic clade in molecular analysis. The variation among the rbcL 
sequences of the nine species is very low. There are only 43 variable sites (3.0%) and 
27 sites of which (1.9%) are parsimony informative. Within some pairs of species 
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only one or two sites are different. This low genetic variation among Acroporium 
species supports the opinion of Tan (1994) that this genus is currently undergoing 
active speciation. 
As the nine Acroporium species have similar sequences, there is a possibility 
that the inclusion of too many Acroporium might have great influence on the average 
base composition of the whole alignment and thus might affect the subsequent 
reconstruction of phylogeny based on this data set. To test the influence of inclusion 
of a large number of Acroporium, a few more phylogenetic analyses were done using 
the data set with the inclusion of only two Acroporium members (A. aciphyllum and 
A. rigens).  The repeated analyses done included the ML analysis (JC69 and HKY 
models), BI analysis (JC69 and HKY models) and MP analysis (equally weighting).  
In all the analyses, the phylogenetic relationships of the rest of taxa are the same as 
that shown in other analyses with full data set of species of Acroporium.  This shows 
that the inclusion of nine Acroporium does not exert any significant influence on the 
phylogenetic analysis. 
 
5.4.2 The genera of Papillidiopsis and Trichosteleum 
Both genera are shown not to be monophyletic in the present study. Together 
with Warburgiella, Radulina, Sematophyllum, etc., they form a sister group to the 9 
species of Acroporium. Morphologically these genera are quite similar. There have 
been confusions in the definitions of Papillidiopsis and Trichosteleum.  The 
differences between them normally are based on one or two characters, such as 
whether the leaves are papillose or smooth, unipapillose or pluripapillos, and what the 
leaf shape is. There are some intermediate features or overlapping of characters, 
making the species recognition of these two genera even more difficult. The results of 
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this study show that these two genera are closely related and the segregation of these 
two genera based on morphology (e.g., Trichosteleum and Papillidiopsis) are 
apparently not appropriate. To solve the relationships between these two genera, more 
detailed sampling and more evidence derived from morphology, other genes, and 
other types of data, are needed.  
 
5.4.3 The genera of Brotherella, Pylaisiadelpha and Wijkia  
Brotherella, Pylaisiadelpha and Wijkia are considered to be morphologically 
related to each other. The first two genera were once combined into one genus (Buck, 
1984).  Several species have also been moved back and forth between Brotherella and 
Wijkia by various authors. In recent molecular studies by Tsubota et al. (2000, 2001a 
and 2001b) based on rbcL gene sequences, the three genera are also shown to be 
closely related.  Likewise, results of the present molecular analysis also show that the 
three genera, Brotherella, Pylaisiadelpha and Wijkia, formed one robust 
monophyletic group.  Wijkia is shown to be a paraphyletic genus, mixed with the 
species of Brotherella and Pylaisiadelpha, showing that the three genera are closely 
related and that the present segregation among the three genera is not appropriate. 
Morphologically the three genera are not very Sematophyllaceae-like. 
Pylaisiadelpha has poorly differentiated leaf alar regions and has erect capsules. 
Brotherella and Wijkia do not have the typical collenchymatous exothecial walls. 
Instead, the exothecial walls are only vertically thickened. These morphological 
features suggest that these three genera are distantly related to the typical 
Sematophyllaceae members, if they should ever be included in this family. In this 
study the position of the clade formed by these three genera does show that the three 
genera occur distantly in relation to the core group of Sematophyllaceae.  
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Additionally, unlike most of the Sematophyllaceae members that are tropical 
in distribution, these three genera are found mainly in temperate areas, suggesting that 
ecological factor is needed in future phylogenetic study of this family.  
 
5.4.4 The genus of Trismegistia   
Trimegistia korthalsii and T. rigida are primarily Malesian taxa, while T.  
undulata and T. perundulata have a distribution pattern mainly in temperate regions.  
Besides the difference in their distribution patterns, T. undulata and T. perundulata 
also differ from the other Trismegistia in a number of characters, such as alar 
organization, absence of leaf border, and the undulation of the leaf lamina. 
Consequently, Akiyama and Tsubota (2001) proposed a new genus, 
Pseudotrismegistia, to accommodate T. undulata and T. perundulata. At the same 
time they proposed to combine the two species into one taxon because of the very 
similar morphological features and the one-site difference in their rbcL gene 
sequences.  
In this study we only included the sequences of T. undulata. Again, the results 
of the molecular study support the proposal by Akiyama and Tsubota (2001) to 
remove T. undulata from Trismegistia. The position of T. undulata varies in different 
analysis (see Section 4.4 and Fig. 5 to Fig.11).  Interestingly, T. korthalsii and T. 
rigida, together with Mastopoma uncinifolium, form one robust clade,  
 
5.4.5 The subfamily of Macrohymenioideae  
In the studies of Fleischer (1915-1922) and Tan and Buck (1989), the 
Macrohymenioideae consists of only one genus, Macrohymenium. The subfamily and 
its only genus are characterized mainly by the distinct feature of the peristome: the 
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inner peristome teeth are much longer than the outer ones. However, Hedenäs and 
Buck (1999) suggested that this feature is not enough to define a subfamily and 
transferred Macrohymenium into Sematophylloideae. In this study the position of 
Macrohymenium shows that it should not be recognized as a separate subfamily.  
Instead, it can be included in the Sematophylloideae (sensu lato), supporting Hedenäs 
and Buck’s (1999) opinion.  
 
5.4.6 The subfamily of Heterophyllioideae 
The concept of Heterophyllioideae was different in different classification 
systems of Sematophyllaceae (e.g., Fleischer, 1915-1922; Hedenäs and Buck, 1999; 
Seki, 1968; Tan and Buck, 1989). The results of this study do not support any of the 
delimitations of this subfamily. The traditional Heterophyllioideae members include 
Gammiella, Isocladiella and Heterophyllium.  The former two are shown to be closely 
related and form one monophyletic group (Clade D in molecular analysis) with 
Isopterygium and Pterogonidium, while Heterophyllium is shown distantly related to 
Gammiella and Isocladiella. The phylogenetic position of Heterophyllium  is rather 
uncertain in this study and varies in different analyses. Interestingly, all the traditional 
members of Heterophyllioideae, regardless of their position in the trees generated, are 
all distantly related to the core group of Sematophyllaceae.  
 
5.4.7 The subfamily of Wijkioideae 
The subfamily of Wijkioideae was proposed by Hedenäs and Buck (1999), 
consisting of three genera:  Acanthorrhynchium, Trismegistia and Wijkia.  
Wijkioideae was characterized by some features that are pleisiomophic within 
Sematophyllaceae, including the presence of vaginula paraphyses, a long seta, mostly 
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parenchymatous exothecial cells and a usually conical lid. Some of the features turn 
out to be not so specific for this subfamily. For example, in this study, species from 
16 genera of Sematophyllaceae were observed to have vaginula paraphyses. Long seta 
was also found in species from eight different genera. This shows that definition of 
Wijkioideae is problematic. The results of this study apparently do not support the 
definition of Wijkioideae as the three genera do not form one clade at all. 
 
5.5     The circumscription of Sematophyllaceae  
Sematophyllaceae are likely to have their closest relatives in Hypnaceae 
(Hedenäs, 1996b; Hedenäs & Buck, 1999; Tan & Jia, 1998). There are many studies 
on the relationships between Sematophyllaceae and Hypnaceae.  In this study, most of 
the Sematophyllaceae members are clearly separated from Hypnaceae. Only at the 
basal part of the phylogentic tree are there clades with members of Sematophyllaceae 
and Hypnaceae clustered together. As there are only a limited number of Hypnaceae 
included, it is unwise to draw any further conclusion based on the results of this 
study.  
 In this study, there is further incongruence with the position of a few other 
taxa in various analyses (e.g., Taxithelium nepalense and Clastobryum cuculligerum, 
etc.).   
As the common patterns among all the analysis are likely the real evolutionary 
pattern, the family should be defined in a narrow sense according to the results of this 
study. The family should only include those appearing in the core group (Clade A in 
molecular trees and Clade F in morphological trees, see Fig. 15), which are: 
Acroporium, Macrohymenium, Meiothecium, Papillidiopsis, Piloecium, Radulina, 
Trichosteleum and Warburgiella.  
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Seen in this light, the inclusion of a species into Sematophyllaceae can be 
defined, morphologically, by the presence of three ‘key’ characters: well-
differentiated and enlarged alar region, chollenchymatous or uneven thicken 
exothecial cell walls, and rostrate operculum lids. The importance of these three ‘key’ 
characters in association with each other has been underestimated in the past.  A 
number of species with only one of the above characters have been included in 
Sematophyllaceae in past publications, while in this study, it is shown by molecular 
and morphological analyses that the true members of Sematophyllaceae should have 
all the three key characters present at the same time.  In fact for family 
Sematophyllaceae sensu stricto, the definition of the well-differentiated alar region 
should refer only to the acroporioid type of alar differentiation (see Tan and Jia, 1999 
for definition), with the exception of Meiothecium and Piloecium, which have 
brotherelloid and heterophyllioid types of alar organization respectively.  
No definite conclusion can be drawn on the position of some of the taxa which 
have been placed in the family in traditional definition, such as Acanthorrhynchium, 
Heterophyllium and Trismegistia etc., based on the current study. With more data sets 
included (sequences of other genes, and other types of data) and with the 
improvement of morphological study, the phylogenetic relationships of the remaining 
problematic taxa can be resolved in future studies.  
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Sematophyllaceae is notoriously known as a taxonomically difficult moss 
family. There have been controversies over the familial definition, subfamilial 
divisions, as well as the generic composition of this family. The current study focused 
mainly on the systematics of the tropical members of Sematophyllaceae.  The aims of 
this study were: 
1) To reconstruct the phylogeny and to obtain a more natural 
classification of the Sematophyllaceae; 
2) To re-evaluate the subfamilial definition of Sematophyllaceae; 
3) To test the monophyly of the genera; 
4) To compare the relative effectiveness of different types of data 
(morphological character and DNA sequences) using various 
analytical methods. 
 
To solve the above problems, a total of 41 species were included in this study 
with 36 species from Sematophyllaceae, 3 from Hypnaceae, 1 from Thuidiaceae, and 
1 from Myuriaceae.  Two types of data were used: molecular data (rbcL gene 
sequences) and morphological data. Phylogenetic trees were reconstructed using three 
kinds of analytical methods, ML, BI and MP methods. Detailed comparison and 
discussion of the results in different analyses in this study were done, with the 
reference to previous studies done by other researchers.  
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Based on the results of the current study, the following conclusions can be 
made: 
1) Morphologically, Sematophyllaceae should be defined as species of 
pleurocarpous mosses possessing all the three critical characters:  well-
differentiated and colored alar region, chollenchymatous or unevenly 
thickened exothecial cell walls, and rostrate operculum lids. With this 
definition the genera belonging to Sematophyllaceae (sensu stricto) 
include: Acroporium, Macrohymenium, Meiothcium, Papillidiopsis, 
Piloecium, Radulina, Trichosteleum and Warburgiella.  
2) Other genera that are traditionally placed in Sematophyllaceae such as 
Acanthorrhynchium, Brotherella,Gammiella,Heterophyllium,have no 
definite conclusion drawn in terms of their taxonomic inclusion in the 
family based on the present study.   
3) No subfamily division can be defined based on the results of this 
study. 
4) The genus Acroporium is monophyletic, while Mastopoma, 
Papillidiopsis, Trichosteleum and Trismegistia are shown to be 
paraphyletic genera. 
5) Results based on molecular data (rbcL gene sequences) are shown to 
better resolve the interrelatedness of genera than the results based on 






6.2 Future studies 
This study is only a preliminary analysis of the phylogenetics of 
Sematophyllaceae. Limitations exist due to various reasons. For future analysis, 
improvements can be done in the following aspects. 
 More extensive sampling should be carried out. The inclusion of species in 
this study was mainly based on collections made during a limited number of fieldtrips 
done by the author within a two year period. Some typical taxa in the family, like 
Rhaphidostichum, were not included in this study because they were not available for 
collection. The sampling in this study is also not well balanced in the case of genera. 
It would be nice to test the impact of the topology by increasing the number of species 
of Taxithelium, Sematophyllum, etc. in future analysis. 
 Sequences of more genes should be added to the analysis.  As mentioned 
before, it is not wise to classify a group of organisms based only on the study of a 
single gene. In future analysis, more genes should be applied. To better resolve the 
relationships among different genera and the relationships within each genus, genes 
evolving faster than rbcL gene are preferred because in this study, several problems 
of taxic relationship are not fully resolved based on rbcL gene sequences.  Genes 
from other genomes, nuclear and mitochondrial genomes, should be included because 
the evolutionary patterns of different genomes are different. 
 More studies on the morphology should be carried out. The quality of 
phylogenetic analysis using morphological data is heavily based on our understanding 
of the morphology. Only with the improvement of the understanding of morphology, 
can we improve the interpretation and evaluation of morphological characters and 
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Appendix 1:  Information on specimens from which DNA was extracted for this study. 
           All the voucher specimens are kept in SINU.  
 
Scienticfic Name Voucher Number Collection Locality Collection Date Collector 
Acanthorrhynchium papillatum  cy0134 Endau Rompin, Malaysia 25 Aug., 2001 Chang, Y 
Acroporium aciphyllum sc8827 Antique, Philippines 27 Jan., 2001 Schwarz, U. 
Acroporium brevipes cy0117 Gn.Beremban, Cameron Highland, Malaysia 24 May, 2001 Chang, Y. 
Acroporium johannis-winkleri cy0118 Gn.Beremban, Cameron Highland, Malaysia 24 May, 2001 Chang, Y. 
Acroporium lamprophyllum sc6409 Lake Kasudsuran, Ormoc city, Philippines  23 Aug., 2000 Schwarz, U. 
Acroporium procerum cy0115 Gn.Brinchang, Cameron Highland, Malaysia 26 May, 2001 Chang, Y. 
Acroporium rigens cy0122 Gn.Brinchang, Cameron Highland, Malaysia 25 May, 2001 Chang, Y. 
Acroporium rufum cy0107 Gn.Brinchang, Cameron Highland, Malaysia 25 May, 2001 Chang, Y. 
Acroporium stramenium cy0119 Gn.Bunga Buah, Genting Highland, Malaysia 26 May, 2001 Chang, Y. 
Acroporium strepsiphyllum  cy0101 Gn.Brinchang, Cameron Highland, Malaysia 26 May, 2001 Chang, Y. 
Clastobryun cuculligerum B02-0680 Maxwell Hill, Taiping, Malaysia 12 Apr., 2002 Leonardia, A.A.P. 
Gammiella tonkinensis B02-0980 Fraser Hill, Gn.Malaysia 15 Apr., 2002  Leonardia, A.A.P. 
Isocladiella surcularis cy0111 Gn.Brinchang, Cameron Highland, Malaysia 25 May, 2001 Chang, Y. 
Isopterygium albescens cy0255 Hillview Ave, Singapore  24 May, 2002 Ho, B.C. 
Macrohymenium muelleri cy0103 Gn.Brinchang, Cameron Highland, Malaysia 25 May, 2001 Chang, Y. 
Mastopoma scabrifolium B02-0210 Gn. Panti, Malaysia 24 Mar., 2002 Leonardia, A.A.P. 
Papillidiopsis bruchii cy0149 Endau Rompin, Malaysia 24 Aug., 2001 Chang, Y. 
Piloecium pseudorefescens cy0135 Endao Rompin, Malaysia 26 Aug., 2001 Chang, Y.  
Pterogonidium pulchellum cy0142 DBS botanical garden, NUS, Singapore 29 Nov., 2001 Chang, Y. 
Radulina hamata 2001-956 Lake shore,Lake Duminagat, Malindang, Philippines 27 Dec., 2001 Tan, B.C. 
Taxithelium nepalense cy0159 Bukit Timah, Singapore 14 Oct., 2001 Chang, Y. 
Trichosteleum cuspidatum cy0251 MacRitchie Reservoir, Singapore 16 Apr., 2002 Conveny, R. 
Trichsteleum singapurense cy0252 MacRitchie Reservoir, Singapore 16 Apr., 2002 Conveny, R. 
Trismegistis rigida cy0132 Endau Rompin, Malaysia 25 Aug., 2001 Chang, Y. 
Vesicularia reticulata cy0140 DBS Botanical Garden, NUS, Singapore 20 Feb., 2001 Chang, Y. 
Warburgiella leptocarpa cy0106 Gn.Brinchang, Cameron Highland, Malaysia. 26 May, 2001 Chang, Y. 










Acanthorrhynchium papillatum ATG TCA CCA CAA ACG GAG ACT AGA GCA AGT GTT GGA TTT AAA GCT GGT GTT AAA GAT TAC AGA TTA AAT TAT TAC ACT CCA GAT TAT CAG ACT AAA GAC  [  99] 
Acroporium aciphyllum        ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Acroporium brevipes          ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T  [  99] 
Acroporium johannis-winkleri ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Acroporium lamprophyllum     ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Acroporium procerum          ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A  [  99] 
Acroporium rigens            ... ... ... ... ... ... ... .A. A.. G.. ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ... ... ... ... ... ... ... ..A  [  99] 
Acroporium stramineum        ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T  [  99] 
Acroporium strepsiphyllum    ... ... ... ... ... ... ... .A. A.. G.. ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ... ... ... ... ... ... ... ..A  [  99] 
Acroporium rufum             ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A  [  99] 
Boulaya mittenii             ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ..A  [  99] 
Brotherella henonii          ... ... ... ... ... ... ..C .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ..C ... ..C ... ... ... ... ...  [  99] 
Clastobryum cuculligerum     ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Gammiella tonkinensis        ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ..G ... ... ... ... ... .CA  [  99] 
Heterophyllium affine        ... ..N ..N ..N ... ... ... .N. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ..A  [  99] 
Hypnum cupressiforme         ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ..A  [  99] 
Isocladiella surcularis      ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .CC ... ... ..C ... ... ... ... ... ... .CA  [  99] 
Isopterygium albescens       ... ... ... ... ... ... ... .A. A.. G.. ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ..C ... ..A ... ... ... ... .CA  [  99] 
Macrohymenium muelleri       ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ..A  [  99] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ...  [  99] 
Mastopoma unicifolium        ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... .CA  [  99] 
Meiothecium microcarpum      ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... .CA  [  99] 
Papillidiopsis macrostica    ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A  [  99] 
Papillidiopsis bruchii       ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Piloecium pseudorufescens    ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Pterogonidium pulchellum     ... ... ... ... ... ... ... .A. A.. G.. .C. ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ..A ... ... ... ... .CA  [  99] 
Pylaisiadelpha tenuirostris  ... ... ... ... ... ... ..C .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ..C ... ... ... ..A ... ... ...  [  99] 
Radulina hamata              ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Sematophyllum subhumile      ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ..A  [  99] 
Taxithelium nepalense        ... ... ... ... ... ... ... .A. ... ... .C. ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ..C ... ... ... ... ... ... ..T  [  99] 
Trichosteleum cuspidatum     ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T  [  99] 
Trichosteleum singapurense   ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ..G ... ... ... ... ...  [  99] 
Trichosteleum stissophyllum  ... ... ... ... ... ... .NN .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [  99] 
Trismegistia rigida          ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... TC. ..A  [  99] 
Trismegistia undulata        ... ... ... ... ... ... ... .A. A.. G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ..A  [  99] 
Trismegistia korthalsii      ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... TC. ..A  [  99] 
Vesicularia reticulata       ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... .C. ..A  [  99] 
Warburgiella leptocarpa      ... ... ... ... ... ... ... .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ..G ... ... ... ... ...  [  99] 
Wijkia deflexifolia          ... ... ... ... ... ... ... .A. ... G.. ... ... ..C ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ...  [  99] 
Wijkia hornschuii            ... ... ... ... ... ... ..C .A. ... G.. ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ..C ... ... ... ..A ... ... ...  [  99] 



















Acanthorrhynchium papillatum ACT GAT ATT TTA GCA GCA TTT CGA ATG ACT CCT CAA CCA GGA GTA CCC GCT GAA GAG GCA GGA GCT GCA GTA GCT GCG GAA TCT TCC ACT GGT ACA TGG  [ 198] 
Acroporium aciphyllum        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium brevipes          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium johannis-winkleri ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium lamprophyllum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium procerum          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium rigens            ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium stramineum        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium strepsiphyllum    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Acroporium rufum             ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Boulaya mittenii             ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ...  [ 198] 
Brotherella henonii          ... ... ... ..G ... ..G ... ..G ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ..C ... ... ...  [ 198] 
Clastobryum cuculligerum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Gammiella tonkinensis        ... ... ... ..G ... ... ... ... ... ..G ..C ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Heterophyllium affine        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ...  [ 198] 
Hypnum cupressiforme         ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Isocladiella surcularis      ... ... ... ..G ... ... ... ... ... ..G ..C ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ..G ...  [ 198] 
Isopterygium albescens       ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ..A ... ... ... ... ... ... ... ... ... ... ..A ... ..G ...  [ 198] 
Macrohymenium muelleri       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Mastopoma unicifolium        ... ... ... ..G ... ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Meiothecium microcarpum      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Papillidiopsis macrostica    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Papillidiopsis bruchii       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ..G ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Piloecium pseudorufescens    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Pterogonidium pulchellum     ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ..A ... ... ... ... ... ... ... ... ... ... ..A ... ..G ...  [ 198] 
Pylaisiadelpha tenuirostris  ... ... ... ..G ... ... ... ..G ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ..C ... ... ...  [ 198] 
Radulina hamata              ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Sematophyllum subhumile      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Taxithelium nepalense        ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... C.. ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ...  [ 198] 
Trichosteleum cuspidatum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Trichosteleum singapurense   ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Trichosteleum stissophyllum  ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... C.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Trismegistia rigida          ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Trismegistia undulata        ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Trismegistia korthalsii      ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 198] 
Vesicularia reticulata       ... ... ... ... ... ... ... ... ... ... ... ... ... ..G ... ... ..C ..G ..A ..G ... ... ... ... ... ... ... ..C ... ... ... ... ...  [ 198] 
Warburgiella leptocarpa      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ...  [ 198] 
Wijkia deflexifolia          ... ... ... ..G ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ...  [ 198] 
Wijkia hornschuii            ... ... ... ..G ... ... ... ..G ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ..C ... ... ...  [ 198] 






















Acanthorrhynchium papillatum ACC ACT GTT TGG ACT GAT GGA CTT ACC AGT CTT GAT CGT TAT AAA GGA CGA TGC TAT GAT CTT GAA GCA GTT CCT GGA GAA GAG AAT CAA TAT ATT GCT  [ 297] 
Acroporium aciphyllum        ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Acroporium brevipes          ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Acroporium johannis-winkleri ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Acroporium lamprophyllum     ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Acroporium procerum          ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Acroporium rigens            ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ...  [ 297] 
Acroporium stramineum        ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Acroporium strepsiphyllum    ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ...  [ 297] 
Acroporium rufum             ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Boulaya mittenii             ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Brotherella henonii          ... ... ... ... ..C ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ... ... ... ... ..A ... ... ... ... ...  [ 297] 
Clastobryum cuculligerum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..R ... ... ... ... ...  [ 297] 
Gammiella tonkinensis        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ...  [ 297] 
Heterophyllium affine        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [ 297] 
Hypnum cupressiforme         ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .C. ... ... ...  [ 297] 
Isocladiella surcularis      ... ... ... ... ..C ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T.  [ 297] 
Isopterygium albescens       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ...  [ 297] 
Macrohymenium muelleri       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ..A ... ... ... ... ...  [ 297] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Mastopoma unicifolium        ... ... ..C ... ..C ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ..T ... ... ... ... ...  [ 297] 
Meiothecium microcarpum      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Papillidiopsis macrostica    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ...  [ 297] 
Papillidiopsis bruchii       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ..C ... ..C ... ... ... ... ... ...  [ 297] 
Piloecium pseudorufescens    ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .G. ... ... ... ... ... ... ... ...  [ 297] 
Pterogonidium pulchellum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ...  [ 297] 
Pylaisiadelpha tenuirostris  ... ... ... ... ..C ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [ 297] 
Radulina hamata              ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Sematophyllum subhumile      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [ 297] 
Taxithelium nepalense        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ...  [ 297] 
Trichosteleum cuspidatum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Trichosteleum singapurense   ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Trichosteleum stissophyllum  ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .G. ... ... ..A ... ... ... ... ...  [ 297] 
Trismegistia rigida          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ..C ... ... ..T ... ... ... ... ...  [ 297] 
Trismegistia undulata        ... ..C ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Trismegistia korthalsii      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ..C ... ... ..T ... ... ... ... ...  [ 297] 
Vesicularia reticulata       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [ 297] 
Warburgiella leptocarpa      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 297] 
Wijkia deflexifolia          ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [ 297] 
Wijkia hornschuii            ... ... ... ... ..C ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [ 297] 

















Acanthorrhynchium papillatum TAT GTT GCT TAC CCA TTA GAT CTA TTT GAA GAA GGT TCT GTT ACC AAT TTA TTT ACC TCT ATT GTT GGT AAT GTT TTT GGA TTT AAA GCT TTA CGA GCT  [ 396] 
Acroporium aciphyllum        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium brevipes          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium johannis-winkleri ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium lamprophyllum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium procerum          ... ... ... ... ... ... ... T.. ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium rigens            ... ... ... ... ... ... ... T.. ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium stramineum        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium strepsiphyllum    ... ... ... ... ... ... ... T.. ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Acroporium rufum             ... ... ... ... ... ... ... T.. ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ...  [ 396] 
Boulaya mittenii             ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 396] 
Brotherella henonii          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ...  [ 396] 
Clastobryum cuculligerum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 396] 
Gammiella tonkinensis        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 396] 
Heterophyllium affine        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 396] 
Hypnum cupressiforme         ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ..C ... ... ..C ... ... ... ... ...  [ 396] 
Isocladiella surcularis      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 396] 
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Boulaya mittenii             ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ..G .G. ... ... ... T.. ... ... ... ...  [ 792] 
Brotherella henonii          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. ... ... ... ...  [ 792] 
Clastobryum cuculligerum     ... ... ... ... ... ... ..Y ... ... ... ... ... ... ... ... ... ... ... ... AY. ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Gammiella tonkinensis        ..G ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Heterophyllium affine        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Hypnum cupressiforme         ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .G. ... ... ... A.. ... ... ... ..G ... ... ... ... ... ... ... ... ...  [ 792] 
Isocladiella surcularis      ..G ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Isopterygium albescens       ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Macrohymenium muelleri       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Mastopoma unicifolium        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ...  [ 792] 
Meiothecium microcarpum      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Papillidiopsis macrostica    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .G. ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Papillidiopsis bruchii       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Piloecium pseudorufescens    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Pterogonidium pulchellum     ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Pylaisiadelpha tenuirostris  ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Radulina hamata              ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... T.. ... ... ... ...  [ 792] 
Sematophyllum subhumile      ... ... ... ..C ... ... ... ... .C. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 
Taxithelium nepalense        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. ... ... ... ...  [ 792] 
Trichosteleum cuspidatum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... T.. ... ... ... ...  [ 792] 
Trichosteleum singapurense   ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ..A ... ... ... ... ... ... ... ... T.. ... ... ... ...  [ 792] 
Trichosteleum stissophyllum  ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... C.A ... ... ... ... ... ... ... ... N.. ..T ... ... ...  [ 792] 
Trismegistia rigida          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ... .G. ... ... ... ... ... ... ... ...  [ 792] 
Trismegistia undulata        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C  [ 792] 
Trismegistia korthalsii      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ... .G. ... ... ... ... ... ... ... ...  [ 792] 
Vesicularia reticulata       ... ..C ... ... ..G ... ... ... ... ... ... ... ... ... ... .G. ... ... ... A.. ... ... ... ..G .G. ... ... ... T.. ... ... ... ...  [ 792] 
Warburgiella leptocarpa      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... T.. ... ... ... ...  [ 792] 
Wijkia deflexifolia          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ...  [ 792] 
Wijkia hornschuii            ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 792] 











Acanthorrhynchium papillatum ATC ATG CAC GAC TAC TTG ACA GGT GGT TTT ACT GCA AAC ACC ACT TTG GCT CAT TAC GCT CGT GAT AAT GGT TTG CTC CTT CAT ATT CAT CGC GCA ATG  [ 891] 
Acroporium aciphyllum        G.T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... TG. ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium brevipes          G.T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... TG. ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium johannis-winkleri ..T ... ..T ... ..T ..A ... ... ... ... ... ... ..T ..T .G. ... ..C ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium lamprophyllum     ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium procerum          ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium rigens            ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium stramineum        G.T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... TG. ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium strepsiphyllum    ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Acroporium rufum             ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Boulaya mittenii             G.. ... ... ... ..T ..A ... ... ... ... ... ... ..T ..T .G. ... ... ... ... TG. ... ... ... ..C ... ... ... ... ... ..C ..T ... ...  [ 891] 
Brotherella henonii          ... ... ... ... ..T ..A ... ... ... ... ... ... ... ..T .G. ..A ... ... ... ... ... ... ... ..C ... ... ... ... ... ..C ... ... ...  [ 891] 
Clastobryum cuculligerum     R.. ... ... ..Y ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ... ... ... ... ... ... ... ..T ..A ... ... ..C ..Y ... ...  [ 891] 
Gammiella tonkinensis        ... ... ... ... ..T ..A ... ... ... ... ... ... ... ... .G. ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Heterophyllium affine        ... ... ... ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... T.. ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ...  [ 891] 
Hypnum cupressiforme         G.. ... ... ... ..T ..A ... ... ... ... ... ... ..T ..T .G. ... ... ... ... TG. ... ... ... ..C ... ..T ... ... ..C ... ... ... ...  [ 891] 
Isocladiella surcularis      ... ... ... ... ..T ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ..G ...  [ 891] 
Isopterygium albescens       ... ... ... ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ..T ..C ... ... ... ..C ... ..T ... ... ... ..C ..T ..G ...  [ 891] 
Macrohymenium muelleri       ..T ... ..T ... ..T C.A ... ... ... ... ... ... ... ..T .G. ... ..C ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Mastopoma scabrifolium       ... ... ... ... ..T ... ... ... ... ... ... ... ... ..T ... ... ..C TT. ..T ... ... ... ... ..C ... ... ... ... ... ..C ... ... ...  [ 891] 
Mastopoma unicifolium        ... ... ... ..T ..T C.. ... ... ... ... ... ... ..T ..T .G. ... ... ..C ... ... ... ... ... ..C C.. ..T ... ... ... ..C ..T ... ...  [ 891] 
Meiotheciu mmicrocarpum      ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ..A ..C ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Papillidiopsis macrostica    ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T ... ... ..C ... ... ... ... ... ... ... ..A ..T ... ... ... ..C ..T ... ...  [ 891] 
Papillidiopsis bruchii       ..T ... ..T ... ..T C.A ... ... ... ... ... ... ... ... ... ... ... TTG ... ... ... A.. ... ..C ... ..T ... ... ... T.C ..T ... ...  [ 891] 
Piloecium pseudorufescens    ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Pterogonidium pulchellum     ... ... ... ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ..T ..C ... ... ... ..C ... ..T ... ... ... ..C ..T ..G ...  [ 891] 
Pylaisiadelpha tenuirostris  ... ... ... ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ..T ... ... ... ... ..C ... ..T ... ... ... ..C ... ... ...  [ 891] 
Radulina hamata              ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Sematophyllum subhumile      ..T ... ... ... ..T C.C ... ... ... ... ... ... ..T ..T .G. ... ..C ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Taxithelium nepalense        ... ... ... ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ..C ... ... ...  [ 891] 
Trichosteleum cuspidatum     ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ..C ..C ... ... ... ... ..C ..C ..A ..T ... ... ... ..C ..T ... ...  [ 891] 
Trichosteleum singapurense   ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T ... ... ... TT. ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Trichosteleum stissophyllum  ..T ... ..T ... ..T ..A ..T ... ... ... ... ... ... ..T .G. ... ..C ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Trismegistia rigida          ... ... ... ..T ..T ... ... ... ... ... ... ... ... ... .G. ... ... ..C ..T ... ... ... ... ..C C.. ..T ... ... ... ..C ..T ... ...  [ 891] 
Trismegistia undulata        ... ... ..T ... ..T ..A ... ... ... ... ... ... ... ... .G. ... ... ... ... ... ... ... ... ..C ... ..T ..C ... ... ..C ... ... ...  [ 891] 
Trismegistia korthalsii      ... ... ... ..T ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ..C ... ... ... ... ... ..C C.. ..T ... ... ... ..C ..T ... ...  [ 891] 
Vesicularia reticulata       G.. ... ... ... ..T ..A ... ... ... ... ... ... ..T ..T .G. ... ... ... ... TG. ... ... ... ... C.. ..T ... ... ... ..C ..T ... ...  [ 891] 
Warburgiella leptocarpa      ..T ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T ... ... ..C ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ..T ... ...  [ 891] 
Wijkia deflexifolia          ... ... ..T ... ..T ..A ... ... ... ... ... ... ... ..T .G. ..A ... ... ... ... ... ... ... ..C ... ..T ... ... ... ..C ... ..G ...  [ 891] 
Wijkia hornschuii            ... ... ... ... ..T ..A ... ... ... ... ... ... ... ..T .G. ... ... ... ..T ... ... ... ... ..C ... ..T ... ... ... ..C ... ... ...  [ 891] 











Acanthorrhynchium papillatum CAT GCA GTT ATT GAC CGA CAA AAA ATT CAT GGT ATG CAT TTC CGT GTA TTA GCT AAA GCA TTA CGT TTA TCC GGT GGA GAT CAT ATT CAC GCT GGT ACT  [ 990] 
Acroporium aciphyllum        ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..C ... ... ..T ... ... ...  [ 990] 
Acroporium brevipes          ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..C ... ... ..T ... ... ...  [ 990] 
Acroporium johannis-winkleri ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ...  [ 990] 
Acroporium lamprophyllum     ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Acroporium procerum          ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Acroporium rigens            ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Acroporium stramineum        ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..C ... ... ..T ... ... ...  [ 990] 
Acroporium strepsiphyllum    ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Acroporium rufum             ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Boulaya mittenii             ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Brotherella henonii          ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ..C ... ... ... ... ... ..C  [ 990] 
Clastobryum cuculligerum     ... ... ... ... ... ... ... ... .AC ... ... ... ... ..Y ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ..Y ... ... ...  [ 990] 
Gammiella tonkinensis        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..C ... ... ... ... ... ...  [ 990] 
Heterophyllium affine        ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Hypnum cupressiforme         ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ..C ... ...  [ 990] 
Isocladiella surcularis      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Isopterygium albescens       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... G.. ... ... ... ...  [ 990] 
Macrohyrmenium muelleri      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [ 990] 
Mastopoma unicifolium        ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ..C ..C ... ... ... ... ... ...  [ 990] 
Meiothecium microcarpum      ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ..C ... ...  [ 990] 
Papillidiopsis macrostica    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ..C ... ...  [ 990] 
Papillidiopsis bruchii       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ..C ... G.. ... ..C ... ...  [ 990] 
Piloecium pseudorufescens    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Pterogonidium pulchellum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... G.. ... ... ... ...  [ 990] 
Pylaisiadelpha tenuirostris  ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ..C ... ... ... ... ... ..C  [ 990] 
Radulina hamata              ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ..C ... ...  [ 990] 
Sematophyllum subhumile      ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... G.. ... ..C ... ...  [ 990] 
Taxithelium nepalense        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... G.. ... ... ... ...  [ 990] 
Trichosteleum cuspidatum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. ..T ..C ... ...  [ 990] 
Trichosteleum singapurense   ... ... ... ... ... ... ... ... .AC ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Trichosteleum stissophyllum  ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..C ... G.. ... ..C ... ...  [ 990] 
Trismegistia rigida          ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Trismegistia undulata        ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ...  [ 990] 
Trismegistia korthalsii      ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... G.. ... ... ... ...  [ 990] 
Vesicularia reticulata       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..C ... ... ... ... ... ...  [ 990] 
Warburgiella leptocarpa      ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ..C ... ... ..T ... ... ...  [ 990] 
Wijkia deflexifolia          ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ..C ... ... ... ... ... ..C  [ 990] 
Wijkia hornschuii            ... ... ... ... ... ... ... ... .A. ... ... ... ... ... ... ... ... C.. ... ... .C. ... C.. ... ... ... ..C ... ... ... ... ... ..C  [ 990] 











Acanthorrhynchium papillatum GTA GTA GGT AAA CTT GAA GGA GAA CGT CAA GTA ACT TTA GGA TTT GTT GAT CTA CCT CGC GAT GAT TAT ATC GAG AAA GAT AGA AGC CGC GGT ATT TAT  [1089] 
Acroporium aciphyllum        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ... ... ... ... ... ... ... ... ... ...  [1089] 
Acroporium brevipes          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ... ... ... ... ... ... ... ... ... ...  [1089] 
Acroporium johannis-winkleri ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ... ... ... ...  [1089] 
Acroporium lamprophyllum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ... ... ... ...  [1089] 
Acroporium procerum          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ... ... ... ...  [1089] 
Acroporium rigens            ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ... ... ... ...  [1089] 
Acroporium stramineum        ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ... ... ... ... ... ... ... ... ... ...  [1089] 
Acroporium strepsiphyllum    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ... CC. ... ...  [1089] 
Acroporium rufum             ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ... ... ... ...  [1089] 
Boulaya mittenii             ... ... ... ... ... ... ... ... ... ... ... ... ... ..G ... ... ... .C. .T. ... ... ... ... ..T ... ... ... ... ... ..T ... ... ..C  [1089] 
Brotherella henonii          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .C. .T. ..T ... ... ... ... ..A ... ... ... ..T ..T ... ..C ...  [1089] 
Clastobryum cuculligerum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..G ... ... .T. ..T ... ... ... ... ... ... ... ... ... ..Y ... ... ...  [1089] 
Gammiella tonkinensis        ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ..C ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ..T ... ... ...  [1089] 
Heteaphyllium affine         ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ... ... ... ... ..T ..A ... ... ... ... ... ... ... ...  [1089] 
Hypnum cupressiforme         ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ..T ... ... ... ... ..A ... ... ... ... ... ... ... ...  [1089] 
Isocladiella surcularis      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... TC. .T. ..T ... ... ... ..T ..A ... ... ... ... ..T ... ..C ...  [1089] 
Isopterygium albescens       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... G.. .T. ..T ... ... ... ..T ..A ... ... ... ..T ..T ... ..A ...  [1089] 
Macrohymenium muelleri       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ..T ... ... ... ... ... ... ... ... ...  [1089] 
Mastopoma scabrifolium       ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ...  [1089] 
Mastopoma unicifolium        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ... ... ... ... ..T ... ... ... ... ... ... ... ... ...  [1089] 
Meiothecium microcarpum      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ... ..A ... ... ... ... ..T ... ... ...  [1089] 
Papillidiopsis macrostica    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ..T ... ... ... ... ... ... ... ... ...  [1089] 
Papillidiopsis bruchii       ... ... ... ... ..C ... ... ... ... G.C ... ... ... ... ... ... ... TC. .T. ..T ... ... ... ..T ... ... ... ... ... ... ... G.. ...  [1089] 
Piloecium pseudorufescens    ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ..T ... ... ... ... ... ... ... ... ...  [1089] 
Pterogonidium pulchellum     ... ... ... ... ... ... ... ... ... ... ... ... ... ..G ... ... ... G.. .T. ..T ... ... ... ..T ..A ... ... ... ..T ..T ... ..A ...  [1089] 
Pylaisiadelpha tenuirostris  ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ..T ... ... ... ... ..A ... ... ... ... ..T ... ..C ...  [1089] 
Radulina hamata              ... ... ... ... .G. T.. ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ..T ... ... ... ... ... ... ... ... ...  [1089] 
Sematophyllum subhumile      ... ... ... ... ... ... ... ... ... ... AC. ... ... ... ... ... ... ... .T. ..T ... ... ... ..T ... ... ... ... ... ... ... G.. ...  [1089] 
Taxithelium nepalense        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ..G ... ... ... ... ..A ... ... C.. ... ..T ... ... ...  [1089] 
Trichosteleum cuspidatum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ..T ..R ... ... ... ... ... ... R.. ...  [1089] 
Trichosteleum singapurense   ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ..T ..A ... ... ... ... ... ... G.. ...  [1089] 
Trichosteleum stissophyllum  ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ... ... ..T ... ... ... ... ... ... ... G.. ...  [1089] 
Trismegistia rigida          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ... ... ... ... ..T ... ... ... ... ... ... ... ... ...  [1089] 
Trismegistia undulata        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .C. .T. ..T ... ... ... ..T ... ... ... ... ... ... ... ... ..C  [1089] 
Trismegistia korthalsii      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .T. ... ... ... ... ..T ... ... ... ... ... ... ... G.. ...  [1089] 
Vesicularia reticulata       ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... .T. ..T ... ... C.. ..T ... ... ... ... ... ..T ... ... ...  [1089] 
Warburgiella leptocarpa      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. .T. ..T ... ..C ... ..T ... ... ... ... ... ... ... ... ...  [1089] 
Wijkia deflexifolia          ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... T.. ... ... ... ... ... ... ..A ... ... ... ... ..T ... ..C ...  [1089] 
Wijkia hornschuii            ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .C. .T. ..T ... ... ... ... ..A ... ... ... ... ..T ... ..C ...  [1089] 











Acanthorrhynchium papillatum TTC ACC CAA GAC TGG GTT TCT TTA CCA GGT ATT TTA CCC GTA GCT TCT GGT GGT ATT CAT GTT TGG CAT ATG CCA GCA TTA ACT GAA ATC TTT GGA GAT  [1188] 
Acroporium aciphyllum        ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Acroporium brevipes          ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Acroporium johannis-winkleri ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ...  [1188] 
Acroporium lamprophyllum     ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Acroporium procerum          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Acroporium rigens            ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Acroporium stramineum        ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Acroporium strepsiphyllum    ..T ... ... A.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Acroporium rufum             ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Boulaya mittenii             ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Brotherella henonii          ..T ... ... ... ... ... ... ... ... ... G.. ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..G ...  [1188] 
Clastobryum cuculligerum     ... ..T ... ... ... ... ... ... ... ... G.. ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Gammiella tonkinensis        ..T ... ... ..T ... ... ... ... ... ... G.. ... ..T ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ...  [1188] 
Heterophyllium affine        ... ... ... ..N ... ... .N. C.. ... ... G.. ... ..T ... ... ... ... ... ... ..C ..C ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Hypnum cupressiforme         ..T ... ... ... ... ... ... ... ... ... G.. ... ..T ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Isocladiella surcularis      ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Isopterygium albescens       ..T ... ... ... ... ... ... ... ... ... G.. ... ..T ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Macrohymenium muelleri       ... ... ... ... ... ... ... ... ... ... G.. ... ..A ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Mastopoma unicifolium        ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ..C ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ..C ...  [1188] 
Meiothecium microcarpum      ... ... ... ... ... ... ... ... ... ... G.. ... ..T ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ...  [1188] 
Papillidiopsis macrostica    ... ... ... ..A ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Papillidiopsis bruchii       ... ... ... ... ... ... ... ... ... ... G.. A.. ... ... ... ..C ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Piloecium pseudorufescens    ... ..T ... ..A ... ..A ... ... ... ... G.. A.. ... ... ... ... ..C ... ... ... ... ... ..C ... ... ... ... ... ... ..T ... ... ...  [1188] 
Pterogonidium pulchellum     ... ... ... ... ... ... ... ... ... ... G.. ... ..T ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Pylaisiadelpha tenuirostris  ..T ... ... ... ... ... ... C.. ... ... G.. ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Radulina hamata              ..T ..T ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Sematophyllum subhumile      ... ... ... ..T ... ... ... ... ... ... G.. ... ..A ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Taxithelium nepalense        ... ..T ... ... ... ... ... ... ... ... G.. ... ..T ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [1188] 
Trichosteleum cuspidatum     ..Y ..Y ... ..Y ... ... ... ... ... ... G.. A.. ..Y ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Trichosteleum singapurense   ... ..T ... ... ... ... ... ... ... ... G.. A.. ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Trichosteleum stissophyllum  ... ..T ... ..A ... ... ... ... ... ... G.. ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Trismegistia rigida          ... ... ... ... ... ... ... ... ... ... G.. ..C ..T ... ... ... ..C ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Trismegistia undulata        ... ... ... ... ... ..C ..C ... ... ... G.. ... ..T ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ..C ... ... ... ... ...  [1188] 
Trismegistia korthalsii      ... ... ... ... ... ... ... ... ... ... G.. ... ..T ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Vesicularia reticulata       ... ... ... ..G ... ... ... ... ... ... G.. A.. ..T ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ... ... ...  [1188] 
Warburgiella leptocarpa      ... ... ... ... ... ... ... ... ... ... G.. ..C ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ...  [1188] 
Wijkia deflexifolia          ..T ... ... ... ... ... ... ... ... ... G.. ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 
Wijkia hornschuii            ..T ... ... ... ... ... ... C.. ... ... G.. ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1188] 











Acanthorrhynchium papillatum GAT TCT GTA TTA CAG TTT GGT GGA GGA ACT TTA GGT CAC CCT TGG GGT AAT GCA CCT GGA GCA GTC GCT AAT AGA GTT GCT GTA GAA GCT TGT GTA CAA  [1287] 
Acroporium aciphyllum        ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..G ... ... ... ... ... ... ... ...  [1287] 
Acroporium brevipes          ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..G ... ... ... ... ... ... ... ...  [1287] 
Acroporium johannis-winkleri ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... A..  [1287] 
Acroporium lamprophyllum     ..C ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... .T. T.. ... ... ... ... ...  [1287] 
Acroporium procerum          ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... .T. T.. ... ... ... ... ...  [1287] 
Acroporium rigens            ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... .T. T.. ... ... ... ... ...  [1287] 
Acroporium stramineum        ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..G ... ... ... ... ... ... ... ...  [1287] 
Acroporium strepsiphyllum    ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... .T. T.. ... ... ... ... ...  [1287] 
Acroporium rufum             ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ..G ... ... ... ... ... ... ... ...  [1287] 
Boulaya mittenii             ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ..C ... ... ..T ... ... ... ... ..C T.. ... ... ... ... ...  [1287] 
Brotherella henonii          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... T.. ... ..C ... ... ...  [1287] 
Clastobryum cuculligerum     ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..G ... ... ... ..C ... ... ... ... ... ... ...  [1287] 
Gammiella tonkinensis        ... ... ... ... ..A ..C ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Heterophyllium affine        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ..T .N. ... ... ... ... T.. ... ... ... ... ...  [1287] 
Hypnum cupressiforme         ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ..T ... ... ... ... ... T.. ... ... ... ... ...  [1287] 
Isocladiella surcularis      ... ... ... ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ..C ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Isopterygium albescens       ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ..C ... ... ... ... ... ... ...  [1287] 
Macrohymenium muelleri       ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ..T ... ... ... ... ... ... ... ... ..C ... ...  [1287] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Mastopoma unicifolium        ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Meiothecium microcarpum      ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ..C ... ... ... ... ... ... ... ... ... ...  [1287] 
Papillidiopsis macrostica    ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ..C ... ... ... ... ... ...  [1287] 
Papillidiopsis bruchii       ..C G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Piloecium pseudorufescens    ..C G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..G ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Pterogonidium pulchellum     ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ..C ... ... ... ... ... ... ...  [1287] 
Pylaisiadelpha tenuirostris  ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... T.. ... ..C ... ... ...  [1287] 
Radulina hamata              ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Sematophyllum subhumile      ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ..T ... ... ... ... ... ... ... ... ..C ... ...  [1287] 
Taxithelium nepalense        ... ... ... ... ... ..C ... ... ... ..G ... ... ..T ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Trichosteleum cuspidatum     ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Trichosteleum singapurense   ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Trichosteleum stissophyllum  ..C ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Trismegistia rigida          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Trismegistia undulata        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ..T ... ... ... ... ... C.. ... ... ..C ... ...  [1287] 
Trismegistia korthalsii      ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Vesicularia reticulata       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Warburgiella leptocarpa      ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ...  [1287] 
Wijkia deflexifolia          ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... T.. ... ..C ... ... ...  [1287] 
Wijkia hornschuii            ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... T.. ... ..C ... ... ...  [1287] 











Acanthorrhynchium papillatum GCT CGT AAT GAA GGG CGT GAT CTT GCT CGC GAA GGT AAT GAA ATT ATT CGT GAA GCT GCT AAA TGG AGT CCT GAA TTA GCT GCG GCT TGT GAA GTT TGG  [1386] 
Acroporium aciphyllum        ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Acroporium brevipes          ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Acroporium johannis-winkleri ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Acroporium lamprophyllum     ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ..A ... ... ... ... ...  [1386] 
Acroporium procerum          ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Acroporium rigens            ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Acroporium stramineum        ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Acroporium strepsiphyllum    ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Acroporium rufum             ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Boulaya mittenii             ... ... ... ... ..A ... ... ... ... ... ... ... ... ... G.. ... ... ... ... A.. ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Brotherella henonii          ... ... ... ... ..A ... ... ... ... ... ... ... ..C ... G.. ... ..C ... ... A.. ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Clastobryum cuculligerum     ... ... ... ... ..A ... ... ... ... ..Y ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ...  [1386] 
Gammiella tonkinensis        ... ... ... ... ..A ... ... ... ... ... ... ... ..C ... ... ... ... ... ... A.. ... ... ..C ..C ... C.. ... ... ... ... ... ... ...  [1386] 
Heterophyllium affine        ... ... ... ... ..A ... ... ... ... .N. ... ... .N. ... ... ... ... N.. N.. A.C ..N ... ... ... ... ... N.. ... ... ... ... ... ...  [1386] 
Hypnum cupressiforme         ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Isocladiella surcularis      ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ..A ... ... ... ... ...  [1386] 
Isopterygium albescens       ... ... ... ... ..A ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ..C ... ... ...  [1386] 
Macrohymenium muelleri       ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. ... ... ... ... ... ...  [1386] 
Mastopoma unicifolium        ... ... ... ... ... ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Meiothecium microcarpum      ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ... ... ... ...  [1386] 
Papillidiopsis macrostica    ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Papillidiopsis bruchii       ... ... ... ... ..T ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Piloecium pseudorufescens    ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Pterogonidium pulchellum     ... ... ... ... ..A ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... C.. ... ... ... ..C ... ... ...  [1386] 
Pylaisiadelpha tenuirostris  ... ... ... ... ..A ... ... ... ... ... ... ... ..C ... G.. ... ... ... ... A.C ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Radulina hamata              ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Sematophyllum subhumile      ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Taxithelium nepalense        ... ... ... ... ..A ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... T.. ... ... ... ... ... ...  [1386] 
Trichosteleum cuspidatum     ... ... ... ... ..T ... ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... T.. ... ... ... ... ... ...  [1386] 
Trichosteleum singapurense   ... ... ... ... ..T ... ... ... ... ... ... ... ... ..G ... ... ... ... ... ... ... ... ... ... ... ... T.. ... ... ... ... ... ...  [1386] 
Trichosteleum stissophyllum  ... ... ... ... ..T ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Trismegistia rigida          ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Trismegistia undulata        ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..C ..C ... ... ... ... ... ... ... ...  [1386] 
Trismegistia korthalsii      ... ... ... ... ... ... ... ... ... ... ... ..C ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Vesicularia reticulata       ... ..G ... ... ..A ... ... ... ... ... ... ... ... ... ... ..C ..G ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Warburgiella leptocarpa      ... ... ... ... ..T ... ... ... ... ... ... ... ... ... ... ... ... ... ... A.. ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 
Wijkia deflexifolia          ..C ... ... ... ..A ... ... ... ... ... ... ... ..C ... G.. ... ... ... ... A.. ... ... ... ... ... ... ..C ... ... ... ... ... ...  [1386] 
Wijkia hornschuii            ... ... ... ... ..A ... ... ... ... ... ... ... ..C ... G.. ... ... ... ... A.C ... ... ... ... ... ... ... ... ... ... ... ... ...  [1386] 











Acanthorrhynchium papillatum AAA GAA ATT AAA TTT GAG TTT GAG ACA ATT GAT ACT GTA TAA  [1428] 
Acroporium aciphyllum        ... ... ... ... ... ..A ... ... ... ... ... ... A.. ...  [1428] 
Acroporium brevipes          ... ... ... ... ... ..A ... ... ... ... ... ... A.. ...  [1428] 
Acroporium johannis-winkleri ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Acroporium lamprophyllum     ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Acroporium procerum          ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Acroporium rigens            ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Acroporium stramineum        ... ... ... ... ... ..A ... ... ... ... ... ... A.. ...  [1428] 
Acroporium strepsiphyllum    ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Acroporium rufum             ... ... ... ... ... ..A ... ... ... ... ... ... A.. ...  [1428] 
Boulaya mittenii             ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Brotherella henonii          ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Clastobryum cuculligerum     ... ... ... ..G ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Gammiella tonkinensis        ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Heterophyllium affine        ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Hypnum cupressiforme         ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Isocladiella surcularis      ... ... ..C ... ... ... ... ..T ... ... ... ... ... ...  [1428] 
Isopterygium albescens       ... ... ..C ... ... ... ... ..T ... ... ... ... ... ...  [1428] 
Macrohymenium muelleri       ... ... ... ... ... ..A ... ..T ... ... ... ... A.T ...  [1428] 
Mastopoma scabrifolium       ... ... ... ... ... ... ... ... ... ... ... ... ... ...  [1428] 
Mastopoma unicifolium        ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Meiothecium microcarpum      ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Papillidiopsis macrostica    ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Papillidiopsis bruchii       ... ... ... ... ... ..A ... ..T ... ... ... ... C.. ...  [1428] 
Piloecium pseudorufescens    ... ... ... ... ... ..A ... ..T ... ... ... ... ... ...  [1428] 
Pterogonidium pulchellum     ... ... ..C ... ... ... ... ..T ... ... ... ... ... ...  [1428] 
Pylaisiadelpha tenuirostris  ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Radulina hamata              ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Sematophyllum subhumile      ... ... ... ... ... ..A ... ..T ... ... ... ... C.T ...  [1428] 
Taxithelium nepalense        ... ... ... ... ... ... ... ..T ... ... ... ... ... ...  [1428] 
Trichosteleum cuspidatum     ... C.. ... ... ... ..A ... ..T ... ... ... ... T.. ...  [1428] 
Trichosteleum singapurense   ... C.. ... ... ... ..A ... ..T ... ... ... ... T.. ...  [1428] 
Trichosteleum stissophyllum  ... ... ... ... ... ..A ... ..T ... ... ... ... ... ...  [1428] 
Trismegistia rigida          ... .C. ... ... ... ... ... ... ... ... ... ... C.. ...  [1428] 
Trismegistia undulata        ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Trismegistia korthalsii      ... .C. ... ... ... ... ... ..T ... ... ... ... C.. ...  [1428] 
Vesicularia reticulata       ... ... ... ... ... ..A ... ..T ... ... ... ... A.. ...  [1428] 
Warburgiella leptocarpa      ... ... ... ... ... ..A ... ..T ... ... ... ... T.. ...  [1428] 
Wijkia deflexifolia          ... ..G ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Wijkia hornschuii            ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
Wijkia tanytricha            ... ... ... ... ... ... ... ..T ... ... ... ... A.. ...  [1428] 
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Appendix 3: The numbers of transitions (lower left matrix) and transversions (upper right matrix) based on pairwise comparisons. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14       15 16 17 18 19 20 21  
1 Acanthorrhynchium papillatum                      10 10 9 9 11 11 8 11 14 12 8 11 11 9 12 9 13 11 10 4
2 Acroporium aciphyllum 30                     0 7 5 7 7 4 1 10 8 10 9 15 11 10 15 19 11 12 10
3 Acroporium brevipes 31                     1 7 5 7 7 4 1 10 8 10 9 15 11 10 15 19 11 12 10
4 Acroporium johannis-winkleri 32                     8 9 4 6 6 5 8 9 13 9 10 12 10 11 12 16 8 11 9
5 Acroporium lamprophyllum 32                     8 9 10 2 2 3 6 5 9 5 8 12 6 11 12 16 8 9 9
6 Acroporium procerum 34                     10 10 10 6 2 3 8 5 9 7 10 12 6 11 12 16 8 9 11
7 Acroporium rigens 36                     12 12 14 8 4 3 8 3 9 7 10 10 6 11 12 14 6 9 11
8 Acroporium rufum 33                     7 7 11 9 5 5 5 6 10 8 9 11 7 12 11 15 7 8 8
9 Acropoium stramineum 31                     1 0 9 9 10 12 7 11 9 11 10 16 12 11 16 20 12 13 11
10 Acroproium strepsiphyllum 37                     13 13 15 9 5 1 6 13 12 10 13 13 9 14 15 17 9 12 14
11 Boulaya mittenii 31                     31 31 34 34 34 36 33 31 37 6 11 11 5 4 11 17 11 8 10
12 Brotherella henonii 44                     43 44 49 47 47 49 46 44 50 31 9 7 3 8 7 15 9 6 6
13 Clastobryum cuculligerum 21                     
                     
18 19 23 21 23 25 22 19 26 21 34 14 10 13 14 18 12 11 11
14 Gammiella tonkinensis 37 35 35 39 37 39 39 36 35 40 36 46 30 8 11 6 12 8 7 9
15 Heterophyllium affine 26                     25 25 31 29 29 31 28 25 32 17 34 16 34 7 8 14 8 5 7
16 Hypnum cupressiforme 32                     32 32 35 35 33 35 32 32 36 25 38 22 38 24 11 17 11 10 10
17 Isocladiella surcularis 39                     42 42 46 42 44 44 41 42 45 36 45 35 35 37 45 14 10 7 7
18 Isopterygium albescens 37                     39 39 45 43 41 39 38 39 40 35 40 29 33 35 41 28 14 13 15
19 Macrohymenium muelleri 35                     15 15 21 19 18 19 16 15 20 29 44 22 38 26 30 41 38 9 9
20 Mastopoma scarbrifolium 35                     35 35 37 39 38 41 38 35 42 30 46 31 45 33 39 44 44 36 8
21 Mastopoma uncinifolium 19                     29 30 31 31 31 33 30 30 34 32 45 25 43 27 31 42 38 32 36
22 Meiothecium microcarpum 36                     17 17 19 23 20 23 20 17 24 34 45 25 39 31 31 44 41 18 39 31
23 Papillidiopsis bruchii 43                     28 29 34 32 33 34 33 29 35 40 53 33 49 35 41 47 46 25 42 42
24 Papillidiopsis macrpstica 32                     10 10 16 14 16 18 15 10 19 28 44 19 39 25 30 42 39 13 37 31
25 Piloecium pseudorufescens 31                     13 14 19 17 18 21 18 14 22 29 42 20 38 26 32 37 36 13 30 30
26 Pterogonidium pulchellum 38                     40 40 46 44 42 40 39 40 41 34 43 30 33 36 42 31 3 39 45 39
27 Pylaisiadelpha tenuirostris 41                     38 39 44 42 42 44 41 39 45 30 16 29 41 27 35 42 36 39 42 40
28 Radulina hamata 30                     12 13 18 16 16 18 15 13 19 26 41 17 35 21 27 38 35 15 35 29
29 Sematophyllum subhumile 40                     28 28 32 32 31 32 29 28 33 32 45 29 45 31 33 47 41 15 38 35
30 Taxithelium nepalense 25                     23 22 28 27 28 30 27 22 31 23 38 14 32 20 26 37 26 27 33 29
31 Trichosteleum cuspidatum 38                     19 18 23 23 21 24 21 18 25 34 48 28 45 31 33 45 40 19 37 33
32 Trichosteleum singapurense 36                     15 16 21 19 16 17 14 16 18 31 45 22 40 28 34 40 36 16 36 30
33 Trichosteleum stissophyllum 38                     15 16 22 20 21 24 21 16 25 33 47 26 41 31 32 44 39 19 34 32
34 Trismegistia korthalsii 25                     25 25 30 28 28 30 27 25 31 19 36 16 34 16 26 34 28 25 21 26
35 Trismegistia rigida 25                     29 29 34 32 31 34 31 29 35 23 40 20 36 20 30 36 32 27 21 26
36 Trismegistis undulata 40                     
                     
36 36 40 41 41 41 39 36 42 32 48 29 45 31 41 42 45 35 39 41
37 Vesicularia reticulata 39 31 31 34 36 36 36 33 31 37 29 46 25 41 25 33 46 42 33 36 38
38 Warburgiella leptocarpa 36                     15 16 21 19 18 21 18 16 22 29 43 24 36 26 32 40 40 14 36 31
39 Wijkia deflexifolia 41                     38 39 44 42 42 44 41 39 45 34 27 33 43 33 41 44 42 39 42 44
40 Wijkia honschuchii 44                     41 42 47 45 45 47 44 42 48 31 17 32 44 30 38 43 39 40 45 43




  21     22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
1 Acanthorrhynchium papillatum 4                     8 15 9 10 12 9 11 12 13 10 17 10 14 13 11 17 10 8 11 10
2 Acroporium aciphyllum 10                     8 19 11 10 18 11 11 10 15 10 17 12 14 13 11 13 10 10 13 12
3 Acroporium brevipes 10                     8 19 11 10 18 11 11 10 15 10 17 12 14 13 11 13 10 10 13 12
4 Acroporium johannis-winkleri 9                     5 16 6 7 15 10 8 9 12 7 16 9 15 16 10 14 9 9 12 11
5 Acroporium lamprophyllum 9                     5 16 8 7 15 6 8 7 12 7 14 9 13 14 6 16 7 5 8 7
6 Acroporium procerum 11                     5 18 8 9 15 8 10 7 14 9 16 11 13 14 6 16 9 7 10 9
7 Acroporium rigens 11                     5 18 8 9 13 8 10 7 12 9 16 11 13 14 6 16 9 7 10 9
8 Acroporium rufum 8                     4 17 7 8 14 9 9 6 13 8 15 10 12 11 7 15 8 8 11 10
9 Acropoium stramineum 11                     9 20 12 11 19 12 12 11 16 11 18 13 15 14 12 14 11 11 14 13
10 Acroproium strepsiphyllum 14                     8 21 11 12 16 11 13 10 15 12 19 14 16 17 9 19 12 10 13 12
11 Boulaya mittenii 10                     10 23 13 14 16 7 15 12 17 14 19 16 10 11 7 9 12 6 9 8
12 Brotherella henonii 6                     8 19 11 10 14 1 11 10 11 10 15 12 12 13 5 15 8 0 3 2
13 Clastobryum cuculligerum 11                     
                     
9 20 12 11 17 10 12 11 14 11 18 13 13 14 8 16 11 9 12 11
14 Gammiella tonkinensis 9 7 22 12 13 11 8 14 13 12 13 20 15 15 16 10 14 13 7 10 7
15 Heterophyllium affine 7                     7 20 10 11 13 4 12 9 14 11 16 13 11 12 4 14 9 3 6 5
16 Hypnum cupressiforme 10                     10 23 11 14 16 9 15 14 17 14 21 16 14 15 9 9 14 8 11 10
17 Isocladiella surcularis 7                     7 20 10 13 13 8 14 13 14 13 18 15 15 16 10 16 11 7 10 9
18 Isopterygium albescens 15                     11 26 16 17 1 16 16 17 16 17 24 17 19 20 16 22 17 15 18 17
19 Macrohymenium muelleri 9                     5 18 8 9 13 10 10 5 12 9 16 11 15 16 8 14 9 9 12 11
20 Mastopoma scarbrifolium 8                     6 21 11 12 12 7 13 10 15 12 17 14 12 13 7 15 10 6 9 8
21 Mastopoma uncinifolium                     8 8 15 9 10 14 7 11 12 13 10 13 12 14 13 9 15 8 6 9
22 Meiothecium microcarpum 31                     15 5 6 10 9 7 6 11 6 15 8 12 13 7 13 8 8 11 10
23 Papillidiopsis bruchii 42                     31 16 13 25 20 18 17 22 13 18 15 21 24 20 24 15 19 22 21
24 Papillidiopsis macrpstica 31                     19 25 9 15 12 10 9 12 9 16 11 15 16 10 14 9 11 14 13
25 Piloecium pseudorufescens 30                     20 24 13 16 11 9 10 13 6 15 8 16 17 11 15 10 10 13 12
26 Pterogonidium pulchellum 39                     42 47 40 37 15 15 16 15 16 23 16 18 19 15 21 16 14 17 16
27 Pylaisiadelpha tenuirostris 40                     42 50 40 37 39 12 11 12 11 16 13 13 14 6 16 9 1 2 3
28 Radulina hamata 29                     17 24 10 13 36 36 11 12 9 18 9 17 18 12 18 11 11 14 13
29 Sematophyllum subhumile 35                     29 34 24 25 42 40 24 15 8 15 12 12 13 9 17 8 10 13 12
30 Taxithelium nepalense 29                     29 33 25 24 27 34 23 31 13 22 13 19 20 14 20 15 11 14 13
31 Trichosteleum cuspidatum 33                     19 27 13 17 41 45 17 27 28 11 10 14 15 11 15 8 10 13 12
32 Trichosteleum singapurense 30                     22 28 17 13 37 41 15 28 29 18 19 21 22 16 22 9 15 18 17
33 Trichosteleum stissophyllum 32                     19 25 15 15 40 44 16 25 28 14 18 16 19 13 19 12 12 15 14
34 Trismegistia korthalsii 26                     28 31 24 22 29 31 20 28 17 25 26 24 3 13 15 14 12 15 14
35 Trismegistia rigida 26                     30 33 28 24 33 33 24 31 23 29 28 28 6 14 16 13 13 16 15
36 Trismegistis undulata 41                     
                     
38 40 36 30 46 45 32 42 33 39 37 40 30 32 14 9 5 8 7
37 Vesicularia reticulata 38 36 40 32 33 42 42 28 36 30 38 33 35 27 31 39 17 15 18 17
38 Warburgiella leptocarpa 31                     20 28 15 11 41 39 15 26 27 18 16 16 26 28 37 35 8 11 10
39 Wijkia deflexifolia 44                     40 52 40 37 43 22 36 44 39 45 41 42 33 37 47 46 39 3 2
40 Wijkia honschuchii 43                     45 51 41 40 42 3 39 41 37 48 44 47 34 36 46 45 42 25 5
41 Wijkia tanytricha 45                     41 49 41 38 42 25 37 45 37 46 42 44 36 40 46 45 40 25 28
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Appendix 4: Results of hLRT test by Modeltest ver.3.06 (Posada and Crandall, 
1998). 
 
  ** Log Likelihood scores ** 
        + I      +G     +I+G 
JC             6170.7217 6170.7217 6166.7017 6134.2192 
F81           6140.2388 6140.2388 6137.2949 6105.6631 
K80          5931.0674 5931.0674 5926.9170 5891.9775 
HKY        5889.9141 5889.9141 5886.7407 5856.1973 
TrNef       5919.5410 5919.5410 5909.3311 5876.0000 
TrN         5877.1455 5877.1455 5868.2446 5839.4277 
K81         5930.2266 5930.2266 5926.0469 5891.0098 
K81uf       5886.5845 5886.5845 5883.6953 5853.4897 
TIMef       5918.6943 5918.6943 5908.4507 5875.0649 
TIM         5874.3062 5874.3062 5865.3726 5836.7720 
TVMef       5925.3057 5925.3057 5921.8872 5888.0957 
TVM         5874.4092 5874.4092 5870.4878 5842.5801 
SYM         5914.2866 5914.2866 5905.4458 5873.0190 
GTR         5861.8911 5861.8911 5851.9121 5824.8545 
 
 ** Hierarchical Likelihood Ratio Tests (hLRTs) ** 
 
 Equal base frequencies 
   Null model = JC                    -lnL0 = 6568.2510 
   Alternative model = F81       -lnL1 = 6549.7559 
   2(lnL1-lnL0) = 36.9902       df = 3  
   P-value = <0.000001 
 
  Ti=Tv 
   Null model = F81         -lnL0 = 6549.7559 
   Alternative model = HKY       -lnL1 = 6305.2539 
   2(lnL1-lnL0) = 489.0039       df = 1  
   P-value = <0.000001 
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 Appendix 4: (continued) 
 
Equal Ti rates 
   Null model = HKY       -lnL0 = 6305.2539 
   Alternative model = TrN       -lnL1 = 6255.9966 
   2(lnL1-lnL0) = 98.5146       df = 1  
   P-value = <0.000001 
 
 Equal Tv rates 
   Null model = TrN        -lnL0 = 6255.9966 
   Alternative model = TIM       -lnL1 = 6253.7686 
   2(lnL1-lnL0) =  4.4561       df = 1  
   P-value =  0.034778 
 
 Equal rates among sites 
   Null model = TrN        -lnL0 = 6255.9966 
   Alternative model = TrN+G     -lnL1 = 5868.2446 
   2(lnL1-lnL0) = 775.5039       df = 1  
   Using mixed chi-square distribution 
   P-value = <0.000001 
 
 No Invariable sites 
   Null model = TrN+G                 -lnL0 = 5868.2446 
   Alternative model = TrN+I+G   -lnL1 = 5839.4277 
   2(lnL1-lnL0) = 57.6338       df = 1  
   Using mixed chi-square distribution 
   P-value = <0.000001 
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